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PREFACE. 
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This little book is intended for beginners. Its pro- 
duction was prompted by the requirements of my 
own teaching, and by the consideration that it is not 
necessary to learn the properties of any large number 
of substances in order to be in a position to under- 
stand Xht principles of Chemical Analysis. This is, in 
fact, only an extension of the view already half recog- 
nised in the ordinary methods of instruction ; for it is 
customary to defer the study of the rarer elements 
till the student has become familiar with the common 
ones. 

The young student is spared a great deal of per- 
plexity and confusion of mind if he is allowed to 
proceed gradually, and it is the object of the following 
pages to supply him with instructions for doing so. 

The book is divided into two parts. In the first 
the student is required to make himself familiar with 
the appearance and properties of a few substances 



vi Preface. 

with which he will afterwards be constantly dealing ; 
he also learns the use of the Blowpipe. 

The second part is devoted to methods of Analysis. 
Here he is first instructed in the properties of a few 
•of the constituents of common salts, and is taught 
methods for their separation or identification in 
presence of one another. If he goes no further than 
this he will at least have learnt what chemical 
analysis means. He afterwards proceeds to extend 
his knowledge, till at the end of the course he will be 
^ble to analyse any mixture of ordinary inorganic 
substances. 

The analytical part is to a great extent shorn of 
directions for manipulation, as well as of details 
which are not relevant to the immediate object of 
the experiment According to my experience these 
are not only of no use, but are a positive hindrance 
to the apprehension of the facts to be acquired. 
Manipulation can only be learnt properly under 
personal instruction by a competent teacher, and 
more will be accomplished by letting the beginner 
■see once for all how a thing is to be done than by 
whole volumes of printed directions. 

W. A. T. 

Clifton : January 1880. 
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PART I. 

PRELIMINARY. 

To make a Washing Bottle. — Take a clean wide- 
mouth bottle, holding about a pint, and fit a good 
sound cork tightly into the neck. Then take a 
piece of stout glass tubing (about ^ inch external 
diameter) and, with the aid of a cork borer, bore 
two holes through the cork, parallel to each other 
and of such a size that the tube will pass through 
with some friction. If you have not a cork borer of 
the exact size required, take one a little smaller and 
then enlarge the hole by means of a round file. Cut 
off a piece of the tube of about twice the height of the 
bottle. Draw off one end to a point in the blowpipe 
flame. Cut it off with a file and make the orifice 
smooth by holding it in the flame for a minute or two, 
taking care not to close it completely. Then, in a 
common fish-tail gas flame, bend the tube so as to 

B 
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Fig. I. 



form an angle of about 60° at such a distance from 
the wide end that when the tube is passed through 
the cork it will reach well to the bottom of the bottle. 
Into the second hole in the cork another piece of the 
same tubing is j&tted, but this is cut off just below the 
cork, and is bent to form an angle of about 120°. The 
open end, projecting upwards, should be made smooth 
at the edge, by holding it for a few minutes in 

a Bunsen flame. The whole 
arrangement is shown in the 
figure, and will be sufficiently 
intelligible. Fill the bottle with 
distilled water, and it is ready 
for use. The object of this 
apparatus is to enable the ope- 
rator to send a stream of water 
upon a precipitate contained 
in a filter, or to deliver small 
quantities of water into test tubes and for general 
purposes as a store of water. It is used by blowing 
gently into the upturned end of the mouthpiece, and 
so producing a pressure upon the surface of the 
water in the bottle. 

To Fix a PlatintLm Wire into a Glass Holder. — 
Take six inches of narrow glass tubing, and by hold- 
ing it in the Bunsen flame soften it so that it may 
be drawn out in the middle. When cold, scratch it 
at the middle with a file and break it into two. 
Insert into the narrow end of one half a piece of 
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platinum wire about two inches long, and holding 
the wire and tube steadily together, heat again at the 
same point till the glass closes round the wire. The 
figure shows the result. 

Fig. 2. 
^ 1 I) 

The tube should be stuck into a flat cork, and by 
it the end of the wire suspended in some dilute 
hydrochloric acid contained in a test tube. If kept in 
this way, the wire will always be clean and ready for 
use. 



PROPERTIES OF SOME IMPORTANT SUBSTANCES 

IN DAILY USE. 

Distilled Water. — For analytical purposes common 
water drawn from the tap is always too impure. It 
holds in solution calcium carbonate, calcium chloride, 
and calcium sulphate, besides other compounds which 
produce marked effects upon the reagents, and would, 
if water containing them were used, lead to confusion. 

Try the following experiments : — 

I. Mix in a test tube some common water with a 

little pure nitric acid and some solution of nitrate of 

silver. A white precipitate of chloride of silver 

generally results. Distilled water treated in the same 

way should remain quite clear, showing that it is free 

from chlorides. 

B 2 
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2. Mix in a test tube some common water with a 
little hydrochloric acid and some chloride of barium. 
A white precipitate of sulphate of barium generally 
appears. Distilled water should give no such preci- 
pitate. 

3. Boil some common water in a flask for about 
five minutes. It usually becomes cloudy, and deposits 
a gritty powder upon the flask. This cloudiness is 
due to the precipitation of calcium carbonate, which 
in the natural water is held in solution by carbonic 
acid. As soon as the carbonic acid is decomposed, 
and the carbon dioxide expelled by heat, the calcium 
carbonate is thrown down, as it is not appreciably 
soluble in water. 

Distilled water when boiled remains clear. 

4. Add to some distilled water a little solution of 
soap and shake it It froths or * lathers * immediately. 
Distilled water is very *soft* 

, Soap solution added to common water makes it 
cloudy, and no * lathering * will be possible till a con- 
siderable quantity of soap has been added. Common 
spring or river water is generally * hard.* The hard- 
ness is due to the salts of calcium and magnesium 
present, as these salts decompose the soap and form 
insoluble compounds. After common water has been 
boiled, and the precipitated calcium carbonate filtered 
off, the water will be found to be softer than before. 
The hardness due to the presence of calcium carbon- 
ate dissolved in carbonic acid is said to be ' temporary 
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hardness,' whilst that which is owing to the presence 
of calcium or magnesium chloride or sulphate is 
called 'permanent hardness,' because it cannot be 
removed by simple boiling. 

5. Distilled water should be devoid of taste and 
smell, and when evaporated to dryness should leave no 
residue. Evaporate a few drops of distilled water on 
a platinum capsule. No stain will be visible. Now 
evaporate about the same quantity in a glass or 
porcelain dish. A perceptible residue will be seen, 
but this is due to the action of the water on the glass 
or porcelain surface. 

Sulphuric Acid, H2SO4. — A colourless oily liquid, 
hence often called* oil of vitriol,' of specific gravity 1.84, 
which when poured into water generates much heat 

The following experiments may be tried : — 

I. Dilute some oil of vitriol with about ten times 
its bulk of water, pouring the acid into the water. By 
means of a brush draw some characters upon a sheet of 
paper with this diluted acid, and then dry the sheet 
either before a fire or over a hot plate. As the water 
evaporates away the strong acid which remains chars 
and blackens the paper. Strong sulphuric acid is very 
corrosive, and rapidly destroys all kinds of organic 
matter. If splashed upon the clothes it generally pro- 
duces a red stain, and afterwards a hole. Such spots, 
if accidentally produced, should be wetted with water 
immediately, and as soon as possible with solution of 
anmaonia. 
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2. Into the diluted acid drop a piece of copper. 
No action occurs. Now add to another portion a 
piece of granulated zinc A rapid effervescence 
immediately begins, owing to the escape of hydrogen 
gas, and, if the experiment be made in a test-tube, 
the gas may be burnt at the mouth of the tube. 
After standing for half an hour crystals of zinc 
sulphate, ZnS04.70H2, will be deposited from the 
solution. Zinc and iron dissolve in diluted sulphuric 
acid forming soluble sulphates, and evolving hydrogen. 
Copper, mercury, and lead are not appreciably affected 
by the diluted acid. 

3. Place in a test tube a few scraps of clean cop- 
per, add a little strong sulphuric acid, and heat gently 
in the fume closet. Effervescence soon begins and 
sulphur dioxide escapes. After the action is over 
add some water to the dark- coloured mass and filter 
the solution. A blue liquid is obtained, from which, 
by evaporating in a porcelain dish, blue crystals 
of copper sulphate, CUSO4.5OH2, may be pro- 
duced. 

The action of the copper on the sulphuric acid is 
probably first of all 

Cu + H2S04=CuS04 -h 2H. 

But the hydrogen never escapes, for at- the moment 
of its liberation it acts upon another portion of the 
sulphuric acid and reduces it. 

2H + H2S04 = 20Hj,-hS02. 
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So that the gas actually evolved is sulphur dioxide. 
Mercury behaves in the same way as copper. 

Sulphuric acid may contain impurities, the chief 
of which maybe recognised as follows : — 

4. When sulphuric acid is poured into water it 
should not deposit any white precipitate of lead 
sulphate, PbS04, or mere traces only. 

5. Sulphuric acid should be free from nitrosyl sul- 
phate, NOHSO4. Make a solution of ferrous sulphate 
in water, and when quite cold pour it into a test 
tube containing a little strong sulphuric acid in such a 
way that the liquids do not mix. No dark coloration 
should be produced in either of them near the surface 
of contact. Any purple or brown colour would indi- 
cate the formation of a compound of nitric oxide, 
NO, with ferrous sulphate, FeS04. 

Nitric Acid, HNO3. — Ordinary nitric acid has a 
specific gravity 1.42, and contains 70 parts of real 
nitric acid, HNO3, to 30 parts of water. It is a 
colourless liquid, miscible with water in all propor- 
tions and producing some heat in the process. It 
often exhibits a small amount of yellow vapour, 
N2O3, especially after exposure to light It stains the 
skin yellow. Spots produced by nitric acid upon the 
clothes cannot be restored to their original colour 
by the application of ammonia, but should always 
be wetted with it, or a hole will probably result 

Try the following experiments : — 

I. Pour a little nitric acid upon a few scraps of 
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copper, or almost any other metai, contained in a test 
tube. Deep yellow fumes are produced. The action 
which occurs is explained thus : In the first place the 
metal displaces hydrogen from part of the acid. 

Cu+2HN03=Cu (N03)2 + 2H. 

The nascent hydrogen attacks another portion of 
nitric acid immediately, and one of the oxides of 
nitrogen is evolved. 

6H + 2HN03=40H2+ 2NO. 

Tf we suppose nitric oxide, NO, to be formed, the 
production'of coloured gas is accounted for by the union 
of the nitric oxide with oxygen taken from the air. 

Notice that hydrogen is never evolved from nitric 
acid. 

2. Diluted with water and mixed with nitrate of 
silver, nitric acid should give no precipitate, showing 
its freedom from hydrochloric acid. 

3. Nitric acid should also be free from sulphuric 
acid, and should therefore give no precipitate with 
barium chloride. It must be freely diluted with 
water before applying the test, or a precipitate of 
nitrate of barium may be formed. 

Hydrochloric Acid. — Solution of HCl. The 
ordinary fuming hydrochloric acid is a solution in 
water containing about one-third of its weight of 
HCl. The specific gravity of the liquid is 1.16. 

The liquid should be colourless, and after dilution 
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with water should give no precipitate with barium 
chloride or sulphuretted hydrogen. Absence of sul- 
phuric acid and of arsenic is thus proved. 
Experiments : — 

1. Add a piece of granulated zinc to some hydro- 
chloric acid- The metal quickly dissolves, whilst hydro- 
gen, recognisable by its inflammability, escapes. 
Iron behaves in the same way. 

2. Copper and mercury are not perceptibly 
affected by hydrochloric acid. 

3. Add to a third portion of hydrochloric acid in 
a test tube a few grains of black oxide of manganese. 
Chlorine will be evolved, especially when a gentle 
heat is applied. The gas is easily recognised by its 
yellow colour, disagreeable and suffocating smell, and 
by bleaching a piece of coloured calico or litmus 
paper held in it. 

Aqua Eegia is a mixture of nitric acid with 
about three times its bulk of strong hydrochloric acid. 
When heated it evolves chlorine and a yellow gas,. 
nitrosyl chloride, produced according to this equa- 
tion : — 

3HCI + HN03=Cl2 + NOCl + 2OH2. 

Aqua regia is used for dissolving metals, such as 
gold and platinum, which are not soluble in hydro- 
chloric or nitric acid, also for dissolving certain sul- 
phides — e.g. HgS, NiS, CoS, &c. It converts all 
metals into chlorides. 
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Acetic Acid. — C2H4O2, or HC2H3O2. In the 
pure state, unmixed with water, acetic acid is a crystal- 
Usable solid which melts at 17°. In this state it is 
known as 'glacial' acetic acid. Ordinary strong 
acetic acid contains about one-third of its weight of 
real acid. It is a colourless liquid, having a strong 
smell of vinegar, and should give, when diluted with 
water, no precipitate with chloride of barium, with 
nitrate of silver, or with sulphuretted hydrogen. The 
iirst of these tests indicates the absence of sulphuric 
acid, the second the absence of hydrochloric acid, 
whilst the last shows that the acetic acid is free from 
metals such as copper. 

Acetic acid dissolves iron and zinc, evolving 
hydrogen, but less rapidly than hydrochloric or diluted 
sulphuric acid. 

Solution of Soda or Sodium Hydrate. — Caustic 
soda, NaHO, is a white deliquescent solid. The 
solution is usually made by dissolving one part of 
it in twenty parts of water. It produces a soapy 
sensation when rubbed between the finger and 
thumb. 

The solution neutralises all acids, and has a strongly 
alkaline reaction — that is, it changes the colour of red 
litmus to blue and of vegetable red * to green. 

Experiments : — 

I. Both solid sodium hydrate and its solution in 

* Tincture of red cabbage, of hollyhock, or dahlia flowers 

-&C. 
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water absorb carbon dioxide from the air, and hence 
after exposure always contain more or less carbonate 
of sodium. The solution, when quite free from car- 
bonate, gives no precipitate when mixed with lime 
water, but it usually does give a small precipitate. It 
ought not, however, to effervesce freely with excess of 
hydrochloric acid, for that would indicate the presence 
of too much carbonate. 

2. Sodium hydrate added to the salts of metals 
produces precipitates, consisting of hydrates of those 
metals or oxides. These hydrates are for the most 
part easily resolved, by heating, into water and 
the oxide of the metal, the decomposition being 
sometimes attended by characteristic changes of 
colour. 

Add solution of sodium hydrate to solution of 
ferric chloride ; brown ferric hydrate (FegHgOe) 
is thrown down. Add solution of sodium hydrate to 
solution of copper sulphate; blue copper hydrate, 
Cu(H0)2, is thrown down. Boil the liquid ; the blue 
precipitate becomes black (CuO). Add solution of 
sodium hydrate to mercuric chloride ; yellow mercuric 
oxide, HgO, is precipitated. Add solution of sodium 
hydrate to solution of silver nitrate; dark brown 
silver oxide, Ag20, is precipitated. 

3. Sodium hydrate saponifies fats. Boil in a test 
tube some solution of soda with a few drops of olive 
oil for about five minutes. The oil will gradually 
dissolve, forming a solution of common soap. 
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C3H5(Ci«H330j)3+3NaHO 

Glyceric oleate 
(olive oil) 

=C3H5(OH)3+3NaCuH330j. 

Glycerine. Sodium oleate 

(hard soap). 

On adding a little common salt to the liquid, the 
soap separates and rises to the surface. The glyce- 
rine, together with excess of soda and common salt, 
remains in solution. 

Potassium Hydrate. — KHO. Resembles sodium 
hydrate in neariy every respect. 

Solution of Ammonia, or Ammonium Hydrate. — 
Ammonia, NH3, is a colouriess gas which has an 
intensely pungent smell, and is very soluble in water. 
The strongest solution made by the manufacturer 
contains nearly one-third of its weight of the gas, 
which at common temperatures is constantly escaping 
from it. In the summer time it is necessary to keep 
the bottles only partly filled and stored in a cool 
place, or they might burst. The ordinary solution 
required as a reagent is made by mixing this strongest 
solution with twice its bulk of distilled water. Both 
solutions smell strongly of the gas, and produce a very 
alkaline reaction with vegetable colours. It is usual 
to consider that the liquid contains a compound, 
called ammonium hydrate, which consists of the 
elements of ammonia united to those of water, and is 
similar in constitution to the hydrates of potassium 
and sodium. 
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Potassium Sodium Ammonium 

hydrate, or hydrate, or hydrate, or 

caustic potash. • caustic soda, solution of ammonia. 

KHO. NaHO. NH4HO. 

Experiments : — 

1. When solution of ammonium hydrate is evapo- 
rated to dryness nothing remains. Ammonium 
hydrate is not known in the solid state. 

2. The solution behaves in many respects like 
solution of sodium hydrate, but in others it differs 
from it Thus when added to solution of ferric 
chloride it throws down the brown ferric hydrate, but 
when added to mercuric dhloride it gives a white 
precipitate (HgNHgCl) ; to silver nitrate a brown 
precipitate, which redissolves in excess ; to copper 
sulphate a pale blue precipitate, which is easily soluble 
in excess of ammonia, forming a magnificent blue 
liquid. 

3. Ammonia neutralises all acids, but it does not 
readily saponify fat. 

4. The impurity usually present in solution of 
ammonia, is tarry matter, the smell of which becomes 
perceptible when the liquid is neutralised by hydro- 
chloric or dilute sulphuric acid. The addition of a 
slight excess of acid not unfrequently produces a pink 
colour, which is due to the presence of a coal-tar base, 
derived from the ammoniacal gas-liquor from which the 
ammonia was indirectly prepared. 

Lime and Lime Water. —Quicklime, CaO, is a 
white, or slightly grey, earthy-looking substance, which, 
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when heated as strongly as possible in the blowpipe 
flame, does not melt, but gives out a brilliant white light. 
Experiments : — 

1. Place a small lump of quicklime on a plate and 
sprinkle it with water, a few drops at a time. It soon 
grows hot and steam rises from it. Continue adding 
small quantities of water till the mass crumbles away 
into a soft white powder. Tliis is calcium hydrate, 
CaO-f OHj or Ca(H0)2, commonly called slaked lime. 

2. Shake up some slaked lime in a large bottleful 
of water. Let the turbid liquid rest till it becomes 
quite clear. Then pour it oflf the undissolved 
portion. The solution is called lime water. It is a 
weak solution containing about one part of calcium 
hydrate in one thousand of water. 

3. Lime water is alkaline, and turns red litmus blue. 
It also produces precipitates of hydrates when added 
to metallic salts. In this respect it behaves precisely 
like a weak solution of soda. (See Sodium Hydrate.) 

4. The chief use of lime water is to detect car- 
bonic acid gas. By means of a clean piece of tubing 
blow air from the mouth through some clear lime 
water. A white precipitate of calcium carbonate is 
formed, showing the presence of carbon dioxide in 
the expired air. 

Sulphuretted Hydrogen or Hydrogen Sulphide. — 
H2S. The materials used for generating sulphuretted 
hydrogen are ferrous sulphide, in lumps, and diluted 
hydrochloric or sulphuric acid. 
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FeS+2HCl=Feaa+H,S, 

FeS+ H,S04=FeS04 + H,S. 

As this gas is an indispensable agent, and is very 
frequently required, it is necessary to have some form 
of apparatus by wbicb a supply may be obtained at a 
moment's notice. Such an apparatus will be found in 
every laboratory where analytical work is done- 




One of the simplest and most convenient arrange- 
ments is shown in fig. 3. 

a and b are two bottles having an additional 
neck at the side near the bottom. Into b is first put 
a quantity of glass marbles or old stoppers, so as to 
form a layer rather more than an inch deep. Upon 
this glass foundation is laid the sulphide of iron in 



1 6 Practical Chemistry 

lumps, a and b are connected together by a piece 
of india-rubber tubing, and b communicates, by a 
tube having a stop-cock, with a small Woulffs bottle, 
-Cy containing a little water. A sufficient quantity of 
hydrochloric acid, diluted with rather more than an 
equal bulk of water, is poured into a^ and when it is 
desired to generate the gas, this bottle is lifted up and 
placed upon the block of wood, so that it stands at a 
higher level than b. On turning the stop-cock the 
acid flows down upon the sulphide of iron and 
generates the sulphuretted hydrogen, which is driven 
through the water in the wash-bottle into the solution 
or vessel where it is required. When the gas is no 
longer wanted, the stop-cock should be closed and 
bottle a replaced upon the table. 

Sulphuretted hydrogen has a most disagreeable 
smell, and, as it is undoubtedly poisonous when inhaled 
to any extent, students should as much as possible be 
careful to avoid letting it escape. All operations with 
the gas must be conducted in the draught cupboard. 
When any considerable quantity of substance has 
to be exposed to the action of this reagent, as in 
separating metals, it is necessary to pass the gas in 
bubbles through the solution. But when the object is 
merely to see what effect, if any, is produced by 
sulphuretted hydrogen upon the liquid to be tested, it 
is much more convenient to use a solution of the gas 
in water. This is made by causing the gas to bubble 
slowly through a quantity of distilled water for an 
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hour or more, shaking the liquid from time to time. 
Water will dissolve about three times its volume of 
sulphuretted hydrogen at ordinary temperatures ; but 
the solution generally contains less than this, and tends 
to grow weaker after a time, especially when the bottle is 
frequently opened. The loss is partly due to escape of 
the gas into the air, and partly to the oxidation of the 
dissolved portion by the oxygen of the air, white sulphur 
being at the same time deposited. It should be re- 
membered that under any circumstances the solution 
will contain very little sulphuretted hydrogen, and 
therefore it should be added pretty freely to the liquid 
which is to be tested. The action of sulphuretted 
hydrogen gas upon a solution of a metal depends 
upon circumstances. It is capable of acting two parts, 
^behaving with certain solutions merely as a reducing 
agent in virtue of the hydrogen it contains, or more 
generally causing the formation of the sulphide of the 
metaL As instances of these two modes of action 
the following experiments may be made : — 

1. Pass the gas into an acidified solution of 
ferric chloride; white sulphur will be thrown down 
and the yellow colour of the liquid will disappear. 

FejCle+HaS = 2FeCl2 + 2HCH-& 

Ferric chloride. Ferrous chloride. 

No sulphide of iron is formed, because it is soluble 
in acids. 

2. Pass sulphuretted hydrogen into solution of 

c 
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zinc sulphate mixed with some hydrochloric acid. 
No visible effect will be produced, because zinc 
sulphide is soluble in acids. 

3. Pass sulphuretted hydrogen into solution of 
the same salt previously mixed with excess of am- 
monia. A white precipitate of zinc sulphide will be 
formed. 

4. Pass sulphuretted hydrogen into an acidified 
solution of copper sulphate. A brown or nearly 
black precipitate of cupric sulphide will be thrown 
down, and on filtering the liquid, after completely 
saturating with the gas, it will be found to be colour- 
less and to contain no copper. 

Thus it appears that sulphuretted hydrogen is 
capable of precipitating certain metals as sulphides 
from the solutions of their salts mixed with acid, 
whilst the sulphides of other metals are not formed 
under such circumstances, but only in the presence of 
alkalies. There is yet another class whose sulphides 
are soluble in water, and hence are never precipitated 
under any circumstances ; such, for example, are the 
metals of the earths, Ba, Sr, Ca, Mg, and of the 
alkalies K, Na, NH4. 

Solution of Ammoniiun Sulphide. — ^When freshly 
made, by passing sulphuretted hydrogen gas into 
ordinary solution of ammonia, this solution is quite 
colourless, and may be regarded as a substitute for 
sulphuretted hydrogen when sulphides are to be 
precipitated from an alkaline solution. 
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Experiments : — 

1. Add solution of ammonium sulphide to solu- 
tion of sulphate of zinc ; white zinc sulphide is pre- 
cipitated. 

2. Add ammonium sulphide to solution of ferrous 
sulphate ; black iron sulphide is thrown down. 

3. Add ammonium sulphide to solution of man- 
ganous chloride ; pink manganous sulphide is thrown 
down. 

Colourless ammonium sulphide contains NH4HS 
or (NH4)2S, according as the solution has been prepared 
with excess of sulphvu-etted hydrogen or not After 
exposure to the air for a time it becomes yellow from 
oxidation, and then contains, besides , ammonium 
theiosulphate, (NH4)2S203, and ammonium sulphate, 
(NH4)2S04, a polysulphide of ammonium, which we 
will represent as (NH4)2S2. This yellow solution is 
used for the purpose of dissolving certain sulphides, 
especially the sulphides of arsenic, antimony, and tin. 
The solutions thus formed contain sulphur salts, from 
which the metallic sulphides are thrown down again 
on addition of acids. 

Experiments : — 

I. Pass sulphuretted hydrogen into a solution of 

arsenious chloride, and filter off the yellow precipitate 

of arsenious sulphide, AS2S3, which is thrown down. 

Wash the precipitate, and then boil some of it with 

yellow sulphide of ammonium. 

c 2 
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It dissolves, and the solution contains a sulphar- 
senite or sulpharsenate of ammonium. 

3(NH4)2S + AS2S3=:2(NH4)3ASS3, 

or 

3(NH4)2S + AS2S3 + S2=2(NH4)3ASS4. 

On the addition of hydrochloric acid in excess 
the same yellow sulphide is thrown down, either 
alone or mixed with sulphur, sulphuretted hydrogen 
escapes, and chloride of ammonium remains in solu- 
tion. Thus : — 

2(NH4)3AsS3+6HCl 

=6NH4C1 H- 3H2S + AS2S3, 
or 

2(NH4)3AsS4+6HCl 

=:6NH4C1 + 3H2S + AS2S3 + S2. 

2. Yellow ammonium sulphide is decomposed by 
acids, yielding a white precipitate of sulphur. 

(NH4)2S2 + 2HC1=2NH4C1 + H2S + S. 

PotassiTun Chlorate. — KCIO3. A colourless salt 
forming flat crystals. 

Experiments : — 

I. Boil some potassiiun chlorate in a test tube 
with about six times its weight of water till dissolved, 
and let the solution cooL It deposits sooner or 
later thin flat rhomboidal ctystals, which do not dis- 
solve in less than about twenty times^their weight of 
cold water. 
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2. Heat a few crystals of potassium chlorate in a 
test tube. The salt first decrepitates (crackles), then 
melts and boils firom escape of oxygen gas. Test for 
the oxygen in the tube by lighting a match, and, after 
letting it bum for a few seconds, blowing it out, and 
introducing the red-hot tip into the mouth of the test 
tube. The match bursts into flame. 

3. Let the salt cool. It sets into a solid opaque 
mass. Boil this in water till dissolved, and allow the 
solution to cooL It will deposit small granular 
crystals of potassium perchlorate, whilst potassium 
chloride remains in solution. 

Action of heat on potassium chlorate : — 
I St stage — 

2KC103=KC1 + KCIO4 + O2. 

2nd stage — 

KCl + KCIO4 = 2KCI + 2O2. 

Potassium chlorate is, therefore, ultimately de- 
composed into oxygen and potassium chloride. This, 
however, requires a strong heat 

PotasnTun Nitrate. — (Nitre or saltpetre) KNO3. 
Potassium nitrate is a colourless salt which crystallises 
in large prismatic crystals. It is easily soluble in 
water. 

Experiments : — 

I. Place about two ounces of powdered nitre in 
a glass retort, and pour on it one ounce by measure of 
strong sulphuric acid. On applying a gentle heat 
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nitric acid distils over into the flask, which serves 
both as condenser and receiver. The arrangement 
of the apparatus is shown in the figure. 

The flask is kept cool by laying upon it a piece of 
filter paper, which is wetted from time to time with 
cold water. 

When the nitric acid ceases to come over, the 
retort is allowed to cool, and the residue sets into a 
mass of crystals consisting of potassium hydrogen 
sulphate, KHSO4. ^ 

Fig. 4. 




1^=.^ 



2. Dip a piece of filter paper into a solution of 
nitre and then dry it. On applying a spark to the 
paper it ignites and rapidly smoulders away. Nitre 
readily communicates oxygen to combustible matters, 
and, if used in sufficient quantity, will enable them 
to bum without assistance of air. With charcoal and 
sulphur it is an ingredient of gimpowder. (See also 
Blowpipe, p. zi^ and p. 28.) 
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AmmoniuiiL Chloride, or Sal-Ammoniac. — NH4C]. 
Crystalline masses, tough and difficult to powder. 
Soluble in water ; the solution neutral to test papers. 

Experiments : — 

1. Heat a piece the size of a pea in a dry test 
tube. It does not melt, but sublimes completely. 

2. Boil some sal-ammoniac with about three 
times its weight of water, and allow the solution to 
cooL Crystals are deposited having the appearance 
of stars and fern-leaves. 

Ammonium Carbonate. — Colourless hard crystal- 
line masses smelling strongly of ammonia. Soluble 
in water, the solution being strongly alkaline. 

Experiment, — Heat a small lump in a test tube. It 
evaporates away, leaving upon the sides of the tube only 
a small liquid sublimate, which crystallises on cooling. 

Sodium Carbonate. — NaaCOj. This salt may 
be obtained by drying common soda crystals, 
Na2C03.ioOH2, and rubbing the mass to powder; 
but it is best made by heating, in a porcelain disL, 
over a lamp, the 'bicarbonate' or acid carbonate 
of sodium, NaHCOa- 

Experiments : — 

1. Melt some sodium carbonate on a loop ot 
platinum wire, or in a platinum capsule, by holding it 
in the Bunsen flame. The melted mass on cooling 
forms an opaque white mass, unlike melted borax, 
which is clear. 

2. Re-melt the opaque mass just obtained, and 
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when melted add some white sand in small quantities 
at a time. The mass effervesces, and when a sufficient 
quantity of sand has been added it will be found that 
the mass is much less easily fusible, requiring a much 
stronger heat to keep it liquid. On cooling it remains 
clear. It is now glass, differing from common glass 
chiefly in containing a much larger proportion of 
alkali, but agreeing in all essential characters. 

3. Place a few crystals of washing soda at the 
bottom of a cylindrical gas jar, and pour over them 
a small quantity of dilute sulphuric acid. The gas 
which escapes with effervescence soon fills the jar, 
and will be found to extinguish a lighted candle. 
Being much heavier than air, the gas may be poured 
into another cylinder containing some lime water, 
which, on shaking, will become milky. The gas is 
carbon dioxide or carbonic anhydride. 

Potassium Cyanide. — This salt is usually met 
with in deliquescent lumps, evidently consisting of 
portions of a fused mass. The common cyanide is 
made by melting in a crucible a mixture of dry 
ferrocyanide and carbonate of potassium, and pouring 
out the salt, whilst still liquid, upon a stone. The re- 
action which occurs is as follows : — 

K4FeC6Ne + K2CO3 = 5KCN. 

Potassium Potassium Potassium 

ferrocyanide. carbonate. cyanide. 

+ KCNO + Fe + CO2. 

Potassium Metallic Carbonic 

cyanate. iron. anhydride. 
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The carbonic anhydride escapes in the gaseous 
form ; the metallic iron remains in the form of a 
spongy mass at the bottom of the crucible. So that 
commercial cyanide of potassium is a mixture of 
cyanide with cyanate and a large quantity of carbonate, 
which may be regarded as an adulteration. Never- 
theless the presence of these other salts in no way 
interferes with the use of the cyanide as a reducing 
agent before the blowpipe. (See p. 34.) 

But in the separation of cobalt and nickel (p. 54) 
it is necessary to use pure potassium cyanide. This 
may be purchased, or in place of it a mixture of 
hydrocyanic acid (prussic acid) and caustic potash 
or soda serves equally well 

Remember that all cyanides^ and especially prussic 
acid and the alkaline cyanides, are very poisonous. 

Experiments : — 

1. Melt some cyanide of potassium in an iron 
spoon, and add to it a small quantity of oxide of lead. 
On cooling the mass and boiling it in water the salt 
will dissolve and leave a button of metallic lead. 

KCN + PbO = KCNO + Pb. 

Potassium Litharge. Potassium Lead, 

cyanide. cyanate. 

Cyanide of potassium in the melted state is a 
powerful reducing agent, and is used as such in the 
detection of metals. 

2. Boil a small piece of cyanide of potassium 
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with water and a pinch of flowers of sulphur. After 
a few minutes filter the solution. It now contains 
theiocyanate (sulphocyanide) of potassium, and 
when slightly acidified with hydrochloric acid and 
mixed with solution of ferric chloride gives a red 
colour. 

Borax. — Na2B407.ioOH2. Borax forms large 
crystals, which contain a great deal of water. It is 
soluble in water, and is alkaline to test paper. 

Experiments : — 

1. Heat some borax in a platinum capsule. It 
first swells up during the escape of water vapour, and 
after a time melts down into a clear glass, Na2B407. 
This melted anhydrous borax dissolves most metallic 
oxides, in many cases assuming characteristic colours. 
Add to it a small particle of a cobalt salt and melt 
again. The mass becomes clear blue. Borax is used 
in many blowpipe experiments. 

2. Make a pretty strong solution of borax in a 
test tube by boiling with water, and whilst hot acidify 
the liquid with hydrochloric acid. On cooling, scaly 
crystals of boric acid, H3BO3, are deposited. Collect 
these crystals on a filter, wash them with a little water^ 
and boil in a clean test tube with methylated spirit. 
They will dissolve, and if the solution is ignited it 
bums with a peculiar green flame. 

Hiorooosmic Salt. — Sodium ammonium hydrogen 
phosphate, NaNH4HP04.40H2. 
Colourless very fusible crystals. 
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Experiments : — 

1. Dissolve a particle in distilled water and add 
solution of silver nitrate. A yellow precipitate is 
produced, consisting of silver orthophosphate,. 

Ag3P04. 

2. Heat a crystal on a loop of platinum wire, or 
more conveniently on a platinum capsule, till it melts 
down into a clear glass. Dissolve this in water in a 
test tube and add to the solution some silver nitrate. 
A white precipitate of silver metaphosphate, AgPOa,. 
ensues. Fusion of microcosmic salt causes it to give 
off its water of crystallisation and ammonia, and 
ultimately to leave only sodium metaphosphate,. 
NaPOa. Fused sodium metaphosphate is often used 
in blowpipe experiments for dissolving various me- 
tallic oxides. 

Test Papers. — Litmus paper is paper which has 
been stained with a solution of litmus. There should 
be three kinds. Red litmus is used for recognising 
alkaline salts and solutions. It is turned blue by 
them. Blue litmus paper in contact with an acid 
or acid salt becomes red. Mauve or violet litmus 
paper is nearly neutral, and is used in those cases in 
which the acid or alkaline reaction is too feeble to. 
cause a marked change in paper which is decidedly 
red or blue. Try the action of litmus papers with the 
following substances, and see that they are respectively 
acid, neutral, and alkaline : — 

Acid, — Blue litmus becoming red. Dilute H2S04> 
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<iilute HCl, dilute HNO3, and solution of 

NaHC4H406. 

Neutral, — No change. Solution of NaCl, of 
KNO3, and of Na2S04. 

Alkaline, — Red litmus becoming blue. Solution 
of NaHO, of NH4HO, aad of Ca(H0)2 ; also solu- 
tions of the salt Na2HP04, and borax, Na2B407. 

Turmeric paper is yellow, is unaltered by ordi- 
nary acids, but becomes brown when wetted with an 
alkaline solution. 

Paper wetted with lead acetate is often used as 
a test for H2S. The brown or black stain formed 
consists of lead sulphide. 

Paper is also used as a means of exposing several 
other reagents to the action of gases, not because 
there is any special virtue in paper, but because in 
this way very slight changes of colour become per- 
ceptible. 

Charcoal. — Wood charcoal is used as a support 
for substances exposed to the blowpipe flame when 
reducing effects are desired. Notice that it exhibits 
the structure of the wood very plainly, although it 
weighs much less, and consists, practically speaking, 
of carbon. Direct the blowpipe flame upon a small 
crystal of nitre placed upon a piece of charcoal, and 
notice that when the salt melts it causes deflagration — 
that is, vivid combustion with sparks. The white 
mass which remains consists of potassium carbonate. 
Pick it off", place it in a test tube with some dilute 
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acid of any kind, and notice that it effervesces from 
escape of CO2. Charcoal, when heated upon a 
platinum cup or foil, bums away, leaving a very light, 
grey or reddish-coloured, ash. Powdered charcoal 
may be recognised by applying these tests. 

Sulphur. — Sulphur is very seldom required as a 
reagent, but it makes its appearance so often in 
analytical experiments that the student must be able 
to recognise it under its various disguises. In its. 
common form it is a yellow, very brittle solid. 

Experiments : — 

1. Heat some sulphur gently in a dry test tube. 
It melts and forms a yellow liquid, which solidifies on 
cooling, forming a mass of yellowish waxy-looking 
prismatic crystals. 

2. Raise the temperature of the melted sulphm*. 
At a certain point it becomes dark-coloured and so 
viscid as almost to solidify; but when heated still 
more strongly it becomes again partly liquefied, and if 
when in this state it is poured into cold water it 
yields an elastic stringy mass. 

3. Heated still further, the melted sulphur boils 
and evolves a brown very inflammable vapour. 

4. Heat a small piece of sulphur in a spoon. It 
readily takes fire in the air, burning with a very pale 
blue light and emitting sulphur dioxide gas, the smell 
of which is characteristic. 

5. Sulphur is insoluble in water. Dissolve a 
small piece of sulphur in some carbon bisulphide^ 
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pour out the solution into a small beaker, and cover 
it with paper. In a short time the liquid will have 
evaporated away, leaving the sulphur in the form of 
transparent pale yellow octahedral crystals. 

6. Sulphur is insoluble in hydrochloric acid. 

7. Boiled with common nitric acid, sulphur melts* 
and very slowly dissolves, giving sulphuric acid, which 
may be recognised by adding water and then solution 
of barium chloride. 

Aqua regia dissolves sulphur in the same way. 

8. Heated with strong sulphuric acid, sulphur 
melts and slowly dissolves, forming sulphur dioxide, 
which escapes. 

S+ 2H2S04=3S02 + 2H2O. 

9. Boil some flowers of sulphur with solution of 
soda, and filter the yellow solution. It now contains 
sodium sulphide and theiosulphate, from which the 
sulphur is again thrown down as a white precipitate 
•on adding an acid in sufficient quantity. 

2Na2S + NaaSjOa + 6HC1 
=6NaCl+30H2+4S. 

This precipitate, collected and dried, is the * milk 
of sulphur' of the shops. 

The sulphur thrown down from yellow sulphide of 
ammonium by acids is of the same kind 

♦ Because the boiling point of the acid, 120®, is above the 
r.iclting point of the sulphur, 1 1 5**. 
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A similar white precipitate is formed on adding 
sulphuretted hydrogen water to any liquid which 
contains an oxidising agent, such as ferric chloride, 
free chlorine, nitrous acid, chromic acid, &c. Such 
substances convert the hydrogen of the H2S into 
water or hydrochloric acid, and the sulphur is liberated. 
Sulphur is also set free during the action of nitric 
acid upon many sulphides. Copper sulphide, for 
example, boiled with strong nitric acid gives a blue 
solution of copper nitrate, whilst the sulphur collects 
in the form of yellow beads, easily recognisable by 
their colour, fusibility, and combustibility. 



The use of the blowpipe. 

It is absolutely necessary to learn to blow con- 
tinuously and without getting out of breath. 

First close the lips and blow out the cheeks. 
Breathing can still be continued freely through the 
nose. After making this preliminary experiment once 
or twice it will be found that the introduction of a 
narrow glass tube between the lips will not cause the 
cheeks to collapse, although a stream of air issues 
through the tube. Now take the blowpipe between 
the lips, and blow steadily for a minute or two with- 
out permitting your breathing to be interrupted and 
keeping your cheeks well expanded. 

Next direct the stream of air from the nozzle of the 
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pipe across a small flame and observe its appearance. 
It should form a straight, very tapering, and pointed 
blue cone i^ inch or 2 inches long, burning quietly 
and steadily. 

Experiments with the Blowpipe. — The blowpipe 
flame is used when it is required to observe the 
effects of a high temperature upon a substance, at 
the same time exposing it to contact with a stream 
of hot air in order to oxidise it, or to a stream 
of hot gas (consisting of compounds of carbon and 
hydrogen), so as to remove oxygen from it, or * reduce* 

Fig. 5. 
r 




it. The oxidising effiects are produced by using a 
small flame, and introducing the substance, upon a 
loop of platinum wire, into the hot part near the tip 
of the flame (p). Reducing effects are obtained by 
increasing the quantity of gas till a slightly luminous 
streak (due to unbumt gas) is seen in the flame. The 
substance is then held in the inner part of the flame 
marked in figure (r). 

Exp, I. Oxidation and Reduction, — Heat the 
loop of platinum wire to redness and, whilst hot, 
dip it into powdered borax. Some of the salt will 
stick to it. Place this in the flame, and heat it till 
it ceases to swell up and finally melts down into a 
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clear glass-like bead. Touch this whilst hot with a 
particle of manganese chloride, the size of a pin's 
head, and transfer it to the oxidising flame. In about 
half a minute let it cool and look at it. It will have 
a purple colour, from the presence of a compound of 
manganese rich in oxygen. Now hold it in the re- 
ducing flame for about the same length of time. On 
cooling, the bead will be found colourless, the man- 
ganese having been reduced to manganous oxide. 

Exp, 2, Oxidation by Nitre. — Make the platinum 
loop hot, and then dip it into some powdered KNO3. 
Heat this till it just melts, and then dip it into some 
dry Na2C03 or NaHCOa- Melt the mass in the 
flame and let it cool. It should be quite white. Now 
attach to it a very small particle of chrome alum, and 
heat it till it melts in the flame. On cooling, the 
mass will be yellow, from the formation of potassium 
or sodium chromate. (For this experiment the heat 
of the Bunsen flame suffices.) 

Exp, 3. Reduction on Charcoal. — Take a hard piece 
of charcoal and scrape a flat place or slight concavity 
upon one side ; place upon this a very small heap of 
litharge, and direct upon it a reducing flame. In a 
few minutes it will melt, and in the melted mass will 
appear small globules of metallic lead 

Exp. 4. Use of Flux, — Mix some litharge with 
some dry Na2C03, and heat as before on charcoal 
Globules of lead will remain on the charcoal as before. 
The use of a fusible salt like sodium carbonate is 

D 
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partly to prevent the compound from being absorbed 
by the charcoal, and partly to promote decomposition 
when such salts as sulphates, phosphates, &c., have to 
be operated upon. 

Exp, 5. Use of Cyanide of Potassium, — Some 
metallic salts and oxides are not easily reducible by 
charcoal alone. Place a little tin dioxide on the 
charcoal, cover it with powdered KCN, and melt in 
reducing flame. White globules of tin are formed. 

Exp, 6. — ^The globules or scales of metal are some- 
times very small, and cannot be melted together so as 
to give larger ones. The following is an example of 
the mode of proceeding when such is the case : — 
Powder some ferrous sulphate and mix with it several 
times its weight of sodium carbonate and a little 
powder of charcoal ; moisten slightly with water and 
heat a lump of the mixture supported upon charcoal 
in the reducing flame. The mass melts and boils, the 
escaping bubbles of gas (CO) generally burning upon 
the surface. After a minute or two cool, take off" the 
fused mass, powder it in a small mortar, and stir up 
the powder with water. The particles of iron present 
are much heavier than the charcoal, and tend to sink 
much more rapidly. After allowing time for some of the 
black matter to subside, pour off the rest with the water. 
Repeat this process once or twice. lastly pour the 
remaining powder with a little water into a watch-glass, 
or small beaker, or test tube, and place this over the 
pole of a magnet. In a few minutes the particles of 
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iron collect round the pole, and may be recognised by 
forming a sort of little beard, which falls away when 
the magnet is withdrawn. 

Note. — In blowpipe experiments charcoal is the 
best support for the substance when the object is 
reduction, but it must not be used when the substance 
is to be oxidised either by the flame or by fusion 
with nitre. The platinum loop should be used in 
such cases, or occasionally a piece of platinum foil. 



PREPARATION OF REAGENTS. 

By a reaction is understood some chemical change 
which ensues when two or more substances, solid, 
liquid, or gaseous, are brought into contact with one 
another. A reagent is a substance which is added to 
another, under certain prescribed conditions, as a 
test, with the object of observing its effect upon that 
substance. By watching the changes, if any, which 
ensue, the chemist is enabled to learn something of 
the nature and composition of the substance under 
examination. The student is seldom required to 
prepare reagents for use ; nevertheless it is essential 
that he should know the nature of substances that he 
has to deal with in almost every analytical operation 
he performs. A list is therefore given, in the next 
few pages, of the most useful reagents, together with 

short instructions for the preparation of most of them. 

1) 2 
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1. Distilled Water. This is always to be used for 
chemical purposes instead of common water. 

2. Stror^ Sulphuric Acid. 

3. Dilute Sulphuric Acid. — Pour 100 c.c. strong 
acid into 900 cc.* water. 

4. Strang Hydrochloric Acid. 

5. Dilute Hydrochloric Add. — Mix 300 cc. strong 
acid with 700 cc. water. 

6. Strong Nitric Acid. 

7. Dilute Nitric Acid. — Mix 200 ca strong acid 
with 800 c.a water. 

8. Acetic Acid. — Mix 300 c.a ordinary commercial 
strong acetic acid (sp. giuv. 1.044) with 700 c.c. 
water. 

9. Solution of Soda, or Sodium Hydrate. — Dissolve 
50 grams of soda in water, and add water till the solu- 
tion measures one litre. The solution should be left 
at rest for a day or two in a stoppered bottle, and 
then poured off clear into a second bottle. It cannot 
be filtered. 

10. Solution of Ammonia J or Ammonium Hydrate. 
— Mix 300 cc of 'liquor ammonias fortior' with 
700 cc water. 

11. Solution of Calcium Hydrate, or Lime Water. 

Shake up 10 grams of slaked lime with a litre of 

water. After about 12 hours the excess of lime will 
have subsided, and the clear liquid can be drawn off 
by a siphon. Lime water may be ccHivenientiy kept 

* C.C =cabic centinietres. 
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in a Winchester quart fitted up like a washing bottle 
(p. 2). 

12. Solution of Sulphuretted Hydrogen, — Place a 
litre of water in a clean Winchester quart, and from 
the apparatus described (pp. 15, 16) pass through it a 
rapid stream of gas for about ten minutes. Then put 
the stopper into the bottle and shake up the water 
thoroughly. Take care the stopper does not get 
fixed owing to the absorption of the gas. Then re- 
peat the process. 

13. Solution of Ammonium Sulphide, — This may 
be purchased. It is easily made thus : — Place any 
desired quantity of solution of ammonia in a Win- 
chester quart, and pass into it sulphuretted hydrogen 
gas, until on taking a small quantity of the liquid in a 
test tube and adding a solution of magnesium sulphate 
no precipitate is produced. 

14. Solution of Ammonium Carbonate, — Dissolve 
in cold water 50 grams of powdered ammonium car- 
bonate, add 100 cc. solution of ammonia and suffi- 
cient water to make the whole measure one Htre. 

15. Solution of Ammonium Chloride, — Dissolve 
150 grams of the powdered salt in sufficient water to 
make a litre. 

16. Solution of Ammonium Oxalate, — Dissolve 25 
grams of the crystals in distilled water, and make up 
to a litre. 

17. Solution of Ammonium Molybdaie, — Dissolve 
50 grams of crystals in a mixture of 100 cc of water 
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and loo ex. of solution of ammonia ; pour the solution 
gradually into 500 c.c dilute nitric acid, shaking con- 
stantly, so that the precipitate may be redissolved. 
Make up with water to 1,000 cc. Let the solution 
become quite clear before use. 

18. Solution of Barium Chloride. — Dissolve 50 
grams of the crystals in sufficient water to make up a 
litre. 

19. Solution of Calcium Sulphate. — ^Powder some 
crystals of gypsum, and then proceed as in making 
lime water. 

20. Solution of Cobalt Nitrate. — Dissolve 100 
grams of crystals in sufficient water to make a litre. 

21. Solution of Perchloride of Iron. — Dissolve 10 
grams of iron wire in 40 cc. hydrochloric acid diluted 
with an equal volume of water. Filter the solution 
into a large evaporating dish, and add 40 cc. strong 
hydrochloric acid and 10 cc strong nitric acid, and 
boil till the somewhat violent reaction is over. Eva- 
porate the liquid till reduced to half its bulk, then 
dilute to a litre. 

22. Solution of Lead Acetate. — 50 grams of salt 
dissolved in water, about 10 cc. acetic acid added, 
and the whole made up to one litre. 

23. Solution of Magnesium Sulphate. — 50 grams 
of the salt dissolved in water to make a litre. 

24. Solution of Mercuric CJdoride. — 50 grams of 
the salt dissolved in water sufficient to make a litre. 

25. Solution of Platinum Perchloride. — Platinum 
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perchloride is made by dissolving platinum foil in 
aqua regia, and evaporating the solution to dryness 
on a water bath. 5 grams of the salt may be dis- 
solved in 100 cc. of water. As platinum and its 
compounds are expensive, this solution must be used 
sparingly, and all liquids containing platinum should 
be collected in a bottle labelled * Platinum Residues.' 
The platinum can be recovered from time to time from 
these residues as they accumulate. (See Appendix.) 

26. Solution of Potassium Chromate. — Dissolve 50 
grams of the salt in sufficient water to make up a litre. 

27. Solution of Potassium Ferrocyanide, — 20 grams 
of salt in one litre. 

28. Solution of Potassium Ferricya7iide, — 20 grams 
of salt in one litre. 

29. Solution of Potassium Iodide, — 50 grams of 
salt in one litre. 

30. Solution of Potassium Theiocyanaie, — 20 
grams of salt in one litre. 

3 1. Solution of Silver Nitrate, — i o grams dissolved 
in one litre. Silver solutions and residues should not 
be thrown away, but should be collected in a large 
bottle provided for the purpose. The silver can after- 
wards be recovered and reconverted into nitrate. 
(See Appendix.) 

32. Solution of Sodium Phosphate, — 50 grams of 
the salt in one litre. 

' ^^, Solution of Sodium Hydrogen Tartrate, — 100 
grams of the salt in one litre. Or the solution may be 
made by dissolving about 100 grams of tartaric acid 
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in a litre of water, and dividing the solution into two 
equal parts. One-half is then heated to boiling and 
neutralised by Na2C03, added in small quantities till 
effervescence ceases. The solution of neutral tartrate 
of sodium thus obtained is then mixed with the 
remainder of the tartaric acid. 

34. Solution of Tin Protochloride, — Place in a flask 
about 25 grams of granulated tin, together with a few 
scraps of platinum foil and a sufficient quantity of 
strong hydrochloric acid to cover them. Heat is 
applied gently till nearly the whole of the tin is dis- 
solved ; the solution is then diluted, filtered, and 
made up by addition of water to a litre. It should 
be kept in a well-closed bottle in which are placed 
a few scraps of tin. 

35. Solution of Chlorine or Chlorine Water. — 
Chlorine gas is generated by action of hydrochloric 
acid upon black oxide of manganese, and, after wash- 
ing through water, the gas is passed into a bottle half 
full of distilled water. The bottle is closed and 
shaken up several times in the course of the process, 
in order to promote the solution of the gas. 

Chlorine water must be kept in a dark place or in 
a bottle covered with thick paper. 

36. Starch. — A fine white powder insoluble in 
cold water. Mix one gram of starch with 100 c.c. of 
water, and heat to boiling. Boil for a few minutes 
and cool. When required the mucilage must be 
freshly prepared, as it will not keep. 



41 



PART II. 

QUALITATIVE ANALYSIS. 



TESTS FOR THE CHIEF METALLIC OR 
POSITIVE SALT RADICLES, 

GENERAL DIRECTIONS. 

The student is to perform all the experiments marked 
A, proceeding in order to the end of the book. This 
course comprises tests for the following radicles and 
methods of separation : — 

As Ag 

(Hg2)" 

in the form of carbonates, sulphites, sulphides, nitrates, 
chlorides, iodides, ' acetates, oxalates, tartrates, sul- 
phates, and phosphates. He is then to return and 
study in the same order the paragraphs marked B. 

Tests for the individual members of each analy- 
tical group, whether of positive or negative salt radi- 



K 


Mg 


Zn 


Hg 


Na 


Ca 


Al 


Pb 


NH4 




Fe 


Cu 
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cles must be carefully learnt before proceeding to the 
consideration of the group as a whole, and before any 
attempt is made to perform the analysis of a substance 
of unknown composition. 

A short explanation of the mode of applying the 
reagents is necessary in order to render the whole 
easily intelligible. Take, for example, the tests first 
described, namely, those for potassium. Some po- 
tassium nitrate (nitre or saltpetre) is to be dissolved 
in about twenty times its bulk of water. 

Test I. To a portion of this solution, contained 
in a clean test tube is added some solution of sodium 
hydrogen tartrate, and the mixture well shaken. A 
white crystalline precipitate consisting of potassium 
hydrogen tartrate is slowly thrown down. 

Test 2. A second portion of the solution of potas- 
sium nitrate is to be mixed in another test tube with 
a small quantity of hydrochloric acid and solution of 
platinum perchloride. A yellow crystalline precipitate 
results. 

It is to be understood that the reagents must 
always be used, unless otherwise distinctly stated, in 
the form of the solutions for the preparation of which 
directions have already been given. 

In making notes it is a good plan to draw up a 
table in which the effects of adding the same reagent 
to the solutions of the different members of the group, 
(potassium, sodium, and ammonium, for example) are 
recorded and compared. 
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Lastly, two or three contractions require explana- 
tion. T stands for C4H4O6, which represents the 
negative radicle of a tartrate, A stands for C2H302» 
and indicates an acetate. The ^oxA precipitate is con- 
tracted into pp. 



Group I. K, NH^y Na, 

A. Chief Tests for Potassium in Form of a 
Salt Dissolved in Water. 

Take potassium nitrate, KNO3. 

1. NaHT (sodium hydrogen tartrate) ; white 
crystalline pp. forming slowly (=KHT). 

2. PtCl4 and HCl ; yellow crystalline pp. form- 
ing slowly (2KCl.PtCl4). 

3. Violet flame, often obscured by presence of 
traces of sodium. 

Note. Coloured Flames, — In order to observe 
the colour communicated to flame by metallic salts 
and other compounds, the platinum wire (p. 3) is 
coiled into a flat spiral by winding it about twice 
round a pencil point It should not be twisted into 
a knot, or it will soon break. The wire is then held 
in the Bunsen flame till the yellow light which it 
always gives at first has quite disappeared. This 
yellow colour is due to sodium compounds taken 
from the fingers. After cleaning it thus in the flame, 
therefore, the wire must not be touched again, but 
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dipped at once into the salt or solution to be tested, 
and the particle thus taken up held in the lower part 
of the flame. Since sodium compounds, especially 
-common salt, are present almost everywhere in the 
dust, in common water, in soap, and, as an impurity, 
in many of the salts to be tested, and smce all give a 
bright yellow light, it must be borne in mind that the 
mere production of a yellow flame is not proof that 
the substance for analysis is a compound of sodium. 
It only becomes proof when it has been shown by 
proper tests that all other metals are absent. Never- 
theless, a little experience will enable the student to 
distinguish between the transient yellow colour given 
by small quantities of sodium compounds, present as 
impurities, and the intense and persistent illumination 
produced when the substance consists mainly of a salt 
of sodium. A piece of blue glass may sometimes be 
used to cut off the yellow rays. The purple flame due 
to potassium then becomes visible. But since traces 
of potassium compounds are not unfrequently present 
as impurity, this plan must not be too much relied 
upon. 



A. Chief Tests for Ammonium in Form of a 
Salt Dissolved in Water. 

Take ammonium chloride, NH4CI. 
I. KHO or NaHO in excess and heated; 
ammonia (NH3) evolved. Recognised by smell, by 
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bluing red litmus paper, and by fuming when brought 
near a rod wetted with HCl. 

2. NaHT ; same as potassium. 

3. PtCl4 + HCl ; same as potassium. 

Dry Test, — Heat some dry ammonium chloride 
in a test tube. It sublimes. All salts of ammonium 
are volatile or decomposed by heat. A few, such as 
phosphate or chromate, leave a residue consisting 
of the corresponding acid, or a product of its de- 
composition. 

A. Tests for Sodium in the Form of a Salt 

Dissolved in Water. 

Take common salt, NaCl. 

1. NaHT or HgT (tartaric acid) ; no pp. 

2. PtCl4H-HCl; no pp. 

3. Flame-coloration yellow. 
See Note under Potassium, p. 43. 

A. Detection of the Metals of the First 
Group when mixed together. 

Divide the solution into two parts. 

1. Test for NH4 by adding NaHO to one portion 
and heating. 

2. If NH4 has not been found, test the second 
portion for Na and K by taking up a drop of the solu- 
tion on the platinum wire and holding it in the flame. 
Then test for K by NaHT, 
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If NH4 has been found, evaporate a fresh portion 
of liquid to dryness, heat strongly the residue till all 
fuming ceases, then cool and dissolve in a very little 
water, and test the solution for K and Na. 



Group 2. Mg^ Ba, Sr, Ca, 

A, Chief Tests for Hagnesinm in the Form 
OF A Salt Dissolved in Water. 

Take Epsom salt, MgS04.70H2. 

1. NH4HO ; a white pp. (MgH202) easily soluble 
m solution of NH4CI. 

2. KHO or NaHO ; the same. 

3. (NH4)2C03 ; a white pp. (MgCOa), ^so soluble 
in NH4CI. 

4. Na2HP04 ; added to the clear solution obtained 
by test I or3 gives a whitepp.(=MgNH4P04.60H2). 

B. Chief Tests for Barium in Form of a 
Soluble Salt Dissolved in Water. 

Take barium chloride, BaCl2«20H2. 

1. (NH4)2C03 ; white pp. (=BaC03) insoluble in 
NH4CL 

2. CaS04 or dilute H2SO4 ; immediate white pp. 
(=BaS04) insoluble in acids. 

3. K2Cr04 ; yellow pp. (=BaCr04) soluble in 
HCl, but not in HA. 

4. Flame, yellowish green. 
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B. Chief Tests for Strontinm in Form of a 
Soluble Salt Dissolved in Water. 

Take strontium nitrate, Sr(N03)2. 

1. (NH4)2C03 ; same as Ba. 

2. CaSO^ or dilute H2SO4 ; white pp. (=81804), 
appearing slowly, or after heating. 

3. K2Cr04; no pp. if HA is first added. 

4. Flame, crimson, visible through blue glass. 

A. Chief Tests for Calcium in Form of a 
Soluble Salt Dissolved in Water. 

Take calcium nitrate, Qzl^O^^, 

1. (NH4)2C03 ; same as Ba and Sr. 

2. CaS04 ; no pp. 

3. H2SO4 ; crystalline pp. (=CaS0420H2) unless 
the solution is very weak. 

4. K2Cr04 ; no pp. 

5. Flame, orange red, or, when seen through blue 
glass, dingy green. 

6. (NH4)2C204 (oxalate) may often be used as a 
confirmatory test, especially for detecting Ca in 
presence of Mg, K, NH4, or Na. It gives a white pp. 
(=CaC204). Salts of Ba and Sr give pps. of same 
appearance, which are rather more soluble in HA 
than CaC204. 

A. Separation of Calcium from Magnesium. — 
Add to the solution an equal volume of solution of 
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NH4CI, then a little NH4HO, and finally (NH4)2C03 
as long as a precipitate is formed. Filter. 

/V%7^.=CaCOj. Re-dissolve in acetic acid and 
confinn by flame test and by (NH4)2C204, which 
gives a white pp. of CaC204. 

Filtrate. Add Na2HP04 ; a white pp, is formed, 
MgNH4P04.60H2. 

A. Separation of Calcium, Magnednm, Potas- 
simn^ Sodinm, and Ammonium. — Add NH4CI9 then 
NH4HO and (NH4)2C03, and warm gently. Filter. 

Fredp,=^CsiCOz' Re-dissolve off the filter in HA 
and confirm by (NH4)2C204. 

Filtrate, — Divide into two parts. 

1. Test for Mg by Na2HP04. 

2. Test for K and Na by p. 45. 

Test for NH4 in a portion of the original solution. 

B. Detection of the Members of the Second 
Group when mixed together.— The solution must 
not contain free HCl or HNO3 ; if it does, add excess 
of NH4HO. Add a little HA, then K2Cr04 till the 
liquid is pale yellow. 

Yellow pp.=BaCr04. 

Filter off the pp. and divide the liquid into two 
parts. 

a. Test for Sr by boiling with CaS04. 

b. If Sr is not found, test for Ca by (NH4)2C,0| 
(oxalate), which will give a white pp. 
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If Sr is found, add slight excess of dilute H2SO4; 
boil, filter, and test for Ca by (NH4)2C204. 

Confirm by spectroscope (see note). 

Note, Use of the Spectroscope, — ^The detection and 
recognition of the metals potassium and sodium, 
barium, strontium and calcium, are easily accom- 
plished, even in presence of one another, by the use of 
the spectroscope. The most convenient instrument for 
laboratory use is a small pocket direct-vision spectro- 
scope, such as may be purchased from the chief instru- 
ment makers for a comparatively small sum. With 
this instrument the whole spectrum is seen at once. 

Draw out the eye-piece till, on looking through at 
the window, the spectrum is seen clearly, then con- 
tract the slit at the opposite end till the black lines 
of sunlight are visible. Or direct the instrument to 
a flame coloured by sodium, and arrange the slit so 
that the yellow line, then visible, may be very thin. 
The spectroscope will now be ready to use. Take 
up a particle of the salt to be tested on a clean 
platinum wire, hold it in the Bunsen flame, and 
look at the flame through the spectroscope. In 
place of the continuous spectrum previously seen, a 
number of brilliant coloured lines will be apparent, 
separated by dark intervals. The colour, number, 
position, and relative intensities of these lines will de- 
pend upon the nature of the substance. For begin- 
ners it is sufficient to learn the following five spectra, 
in which the relative positions and intensities of the 

£ 
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lines are indicated by the diagram. The brightest line 
is marked a, the rest /3, y, 5, &c., in order. 

The spectrum of sodium, as seen in the small 
spectroscope, consists of a single [yellow line, and> 



Fig 6. 




c^ a 



owing to the general diffusion of sodium already re- 
ferred to (p. 44), this yellow line is almost always per- 
ceived simultaneously with the spectra of the other 
metals. The violet line, /3, of potassium is not easily 
seen, but the red line is very characteristic. In the 
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case of a mixture it must not, however, be confoimded 
with the red strontium line, which is much nearer to the 
yellow. Strontium is always very easily recognised by 
the aid of the isolated blue line, I. 

Group 3. Zn^ Mn^ Ni, Co, 

A. Chief Tests for Zinc in the Form of a 
Soluble Salt Dissolved in Water. 

Take zinc sulphate, ZnS04.70H2. 

1. KHO, NaHO, or NH4HO ; a white pp. 
(ZnHjOj) easily soluble in excess. 

2. Add NH4CI to the solution obtained by test 
I ; no pp. Compare Al. 

3. Add H2S to the same solution ; white pp.= 
ZnS. NH4HS produces the same pp. with all solu- 
tions of zinc. 

Blaivpipe, — Heat some of the dry salt on charcoal \ 
a yellow mass remains, which becomes white on 
cooling (=ZnO). Wet it with a drop of Co(N03)2, 
and heat again ; it becomes green. 

A. Separation of Zinc from Calcium, Magnesinin, 

&c. — Add to the liquid some solution of NH4CI, then 
excess of NH4HO, and lastly NH4HS. 

Precipitate. — ^White=ZnS. Collect on a filter, 
wash, and dry the pp. Confirm by heating on charcoal, 
first alone, and then with Co(N03)2. 

Add to the filtrate (NH4)2C03. 

E 2 
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Frecipitate^^CdiCOz' Filter, and test the filtrate 
for Mg, K, Na. Test for NH4 in the original solu- 
tion. 

B. Chief Tests for Manganese in the Form 
OF A Soluble Salt Dissolved in Water. 

Take manganese chloride, MnCl2.40H2. 

1. Note that the solution is pale pink. 

2. KHO or NaHO; a white pp. (MnHjOa), 
becoming brown on exposure to air. 

* 3. NH4HO ; same pp. Its formation is pre- 
vented for a time by first adding NH4CI. 

4. NH4HS ; pink pp. (MnS), becoming brown. 

Blowpipe, — Make a bead of KNO3 on a loop of 
platinum wire, and fuse with a very small particle of 
any manganese compound. A deep-green mass re- 
mains (K2Mn04, manganate). 

B. Chief Tests for Nickel in the Form of a 
Soluble Salt Dissolved in Water. 

Take nickel sulphate, NiS04.70H2. 

1. Note that the solution is green. 

2. KHO or NaHO ; pale green pp. (NiH202). 

3. NH4HO ; the same, easily soluble in excess^ 
forming a blue liquid. 

4. NH4HS; a black pp. (=NiS). If yellow 
(NH4)2S2 is used the pp. is slightly soluble in excess, 
giving a nearly black liquid. 
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B. Chief Tests for Cobalt in the Form of a 
Soluble Cobaltous Salt Dissolved in Water. 

Take cobalt nitrate, Co(N03)2.60H2. 

1. Note that the solution is pale red. 

2. KHO or NaHO ; a blue pp. (C0H2O2), which 
becomes brown on boiling. 

3. NH4HO ; bluish-green pp., not formed in pre- 
sence of NH4CI. 

4. NH4HS ; black pp. (CoS), not soluble in 
yellow ammonium sulphide. 

BloTvpipe, — Borax bead on platinum wire moistened 
with the solution and fused again becomes blue. 

B. Detection of the Metals of the Third Oroup 
when mixed together. — Add to the solution some 
sodium acetate, and, if strong, dilute with water and 
pass a rapid stream of H2S. Sulphides of zinc, cobalt, 
and nickel, being insoluble in acetic acid, are preci- 
pitated. Filter. Add to the filtrate a little more solution 
of sodium acetate, and pass H2S again, to ensure the 
complete precipitation of the three sulphides. If 
there is no further pp., proceed. 

Test the solution for Mn by adding NH4HO and 
NH4HS. Pink pp.=MnS. 

If the first pp. was white it contains ZnS only. 

If black, boil in small quantity of HCl with a 
few drops of HNO3, till dissolved. Add excess of 
NaHO, and filter. 
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Filtrate.— hAA NH4HS ; white pp.=ZnS. 

Precipitate, — ^Test for Co by borax bead If Co 
is not found, test for Ni by redissolving the pp. in 
HCl, adding NH4HO and excess of yellow ammo- 
nium sulphide. A black liquid indicates nickel. 

If Co is present dissolve the pp. in the least 
possible quantity of aqua regia. Add NaHO till the 
pp. locally formed is only just re- dissolved, so that the 
liquid is left only slightly acid ; then add very little 
solution of /«rd KCN, so as just to re-dissolve the pp. 
which addition of the first few drops produces. Pour 
into a small flask or beaker, place it over a lamp in 
the fume closet^ and boil for about five minutes. Then 
divide into two psirts. Heat one part with slight excess 
of HCl \ a green pp. of Ni(CN)2 is formed if much 
Ni is present. Add to the other portion excess of 
NaHO, then bromine water, and warm gently ^ a 
black pp. of Ni2(HO)6 is formed sooner or later if 
Ni is present. These precipitates, containing Ni, 
should be filtered off, washed with hot water, and 
tested with a borax bead to show that they are free 
from Co. 

Group 4. Al^ Fe^ Cr. 

A, Chief Tests for Aluminium in the Form 
OF A Soluble Salt Dissolved in Water. 

Take common alum, (NH4)2S04.Al2(S04)3. 
24OH2. 

i. NH4HO ; a white translucent pp. (AlaHeOg), 



Tests for the Chief Metallic Radicles, 5 $ 

almost insoluble in excess of NH4HO, insoluble in 
NH4CL Compare Mg and Zn. 

2. KHO ; same pp., but easily soluble in excess. 
Compare Mg and Zn. 

3. Add excess of NH4CI to the clear liquid 
obtained by test 2 and heat it. Al2(HO)6 is thrown 
down again. Compare Zn. 

4. Take up a crystal of alum on a platinum 
loop, heat it in the Bunsen flame. It melts, 
then swells up, and gives off water. Finally heat 
the mass as strongly as possible in the blowpipe 
flame, and observe that it glows brightly but is 
infusible (AI2O3). Moisten this with Co(N03)2 
and heat again. On cooling, the mass will be found 
to be bright blue. 

A. Chief Tests for Iron in The Form of a 
Soluble Ferrous Salt Dissolved in Water 
or Dilute Acid. 

Take ferrous sulphate, FeS04.70H2. 

1. Note that the solution is pale green. 

2. NaHO, KHO, or NH4HO ; a white pp. 
{FeH202), becoming immediately green, and finally 
brown, from oxidation. 

3. K4FeC6N6 (ferrocyanide) \ a pale blue pp. 

4. K6Fe2Ci2Ni2 (ferricyanide) j dark 'TumbulFs * 
blue. 

5. KCNS ; no change if the solution is free from 
ferric salt. 
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6. Boil with a few drops of strong HNO3. The 
liquid becomes black, effervesces, and then turns 
yellow. It now contains yferr/V salt 



A. Chief Tests for Iron in the Form of a 
Soluble Ferric Salt Dissolved in Water 
OR Dilute Acid. 

Take the solution obtained by test 6, above. 

1. Note that the solution is yellow. 

2. NaHO, KHO, or NH4HO ; a brown pp^ 
(FesHeOfi). 

3. K4FeC6N6 ; a deep blue pp.=' Prussian blue." 

4. K6Fe2Ci2Ni2; no pp., but deep greenish or 
brown colour. 

5. KCNS ; deep red colour. 

6. Both ferrous and ferric solutions give with 
NH4HS a black pp. (=FeS). 

A. Separation of Iron from Alxunininm. — Dilute 
a portion of the solution and add ferricyanide of 
potassium. If the presence of any ferrous salt is 
indicated, it must be converted into ferric salt be- 
fore proceeding. This is done by boiling a fresh 
portion of the solution with a few drops of nitric 
acid. 

Then add NaHO in excess. Warm gently and 
filter. 

Precipitate, — Brown=Fe2(HO)6. 
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Confirm by re-dissolving in HCl and adding ferro- 
cyanide. 

Filtrate.— AM NH4CI and heat. White pp. 
=Al2(HO)6. 

A. Separation of Zinc from Iron and Alnminiiim* 
— Boil with a few drops of HNO3, if necessary, to con> 
vert all ferrous into ferric salts, then add NH4HO in 
excess. Filter. 

Solution. ^Adid NH4HS or H2S ; white pp.=ZnS. 

Precipitate. — If white= Al2(HO)6. If brown, con- 
tains Fe2(HO)6, and perhaps Al2(HO)6. Filter off, 
drain, dissolve in dilute HCl, and add NaHO in excess. 
The iron is precipitated, the aluminium left in solution,, 
as in the directions already given for separating iron 
from aluminium. 

A. Separation of Zinc, Iron, and Alnminimn 
from Calcinm, Magnesium, Potassium, Sodium, and 
Ammonium. — Boil with nitric acid and add excess of 
NH4CI and NH4HO. 

Precipitate^Y^4^0)^ and Al2(HO)6. 

Wash the pp. and re-dissolve it off the filter in 
dilute HCl, and separate the iron from the aluminium 
by soda, as already directed (p. 56). 

Filter the liquid and add NH4HS in excess. 

Precipitate=^Zn^. Filter, and add (NH4)2C03. 

Frecipitaie=C2X10^. Filter, and finish by direc- 
tions (p. 48). 
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B. Chief Tests for Chromium in the Form of 
A Soluble Salt Dissolved in Water. 

Take chrome alum, K2S04.Cr2(S04)3.240H2. 

1. Note that the salt is dark purple, but yields a 
green solution in boiling water. 

2. NH4HO ; a dull green pp. (CraHgOg), slightly 
soluble in great excess of NH4HO, forming a reddish 
liquid. 

3. KHO or NaHO ; the same pp., soluble in 
excess of the alkali, forming a green solution. 

Blowpipe Test, — Fuse some of the dry salt with 
a bead of nitre upon a loop of platinum wire. A 
yellow mass of chromate is formed. This mass is 
soluble in water, and the solution answers to the tests 
given on p. 93. 

B. Detection of the Metals of the Third Group 
when mixed together. ,. .^1::;;; 

1. Test a separate portion of the liquid for ferrous 
salt If this is present, boil the portion which is to 
be further tested with nitric acid. 

2. Add excess of NH4HO and collect the pp. 
If quite white it consists only of Al2(HO)6 ; if 
green it may consist of Cr2(HO)6, alone or mixed 
with Al2{HO)6 ; if brown it may contain all three. 
Drain and dry it. Mix the dry powder with NaaCOj 
and a little KNO3, and melt at a red heat in a pla- 
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tinum capsule for five minutes. Cool, boil in water, 
and filter. 

Residue^^Y^^O^^ brown. 

Filtrate. — If yellow, Cr is present. Divide into two 
parts: (a) add NH4CI and^heat: white pp.=Al2(HO)6; 
{b) add HA and excess of AgNOji red pp. = Ag2Cr04. 

3. If ferrous salt was not present in the original, a 
brown insoluble residue after fusion indicates ferric 
salt Confirm by testing the original solution with 
K4reC6N6 and KCNS. 

Group 5«. Hg^ Fb, Biy Cu, Cd. 

Jl Chief Tests for Mercury in the Form of a 
Soluble Mercuric Salt Dissolved in Water. 

Take corrosive sublimate, HgCl2. 

1. HgS, added gradually, gives a white pp., which 
then becomes brown and finally black (=HgS). 

2. SnCl2 ; a white pp. (=Hg2Cl2), which be- 
comes black by heating with excess of SnCl2 (=Hg). 

3. KI ; a scariet pp. (=Hgl2), easily soluble in 
excess of HgCl2 or of KI. 

4. Copper foil heated gently in the liquid, slightly 
acidified with HCl, becomes coated with a shining 
white film of mercury. If a grey coating is formed it 
will become bright on rubbing. 
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Dry Tests. 

1. Heat some calomel, Hg2Cl2, in a small dry test 
tube ; it sublimes. 

All mercurial compounds, when heated, vaporise, 
and many yield a sublimate of mercury, owing to 
decomposition. Thus mercuric oxide splits up into 
mercury and oxygen. Mercury nitrates evolve nitric 
peroxide, N2O4, and leave red mercuric oxide, which 
in its turn volatilises if the application of heat is con- 
tinued. Mercury phosphates leave a residue of 
metaphosphoric acid. Mercury chromates yield 
green oxide of chromium (CrgOs). 

2. Heat some calomel with dry Na2C03 in a 
narrow tube. A grey sublimate of metallic mercury 
forms upon the cool part of the tube. 

All mercurial compounds behave in the same way. 

A. Chief Tests for Lead in the Form of a 
Soluble Salt Dissolved in Water. 

Take lead nitrate, Pb(N03)2. 

1. H2S in excess ; black pp. (=PbS). 

2. HCl ; white crystalline pp. (=PbCl2), unless 
the solution is very weak. PbCl2 dissolves readily in 
hot water and crystallises on cooling. 

3. Dilute H2SO4, added in considerable quantity; 
white pp. (=PbS04). 
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4. KI ; golden yellow pp. (=Pbl2), soluble in 
boiling water and crystallising on cooling. 

Blowpipe. — Heat with some NagCOa and KCN 
on charcoal Globules of lead are formed, which 
mark paper and are easily flattened by pressure. 

A Chief Tests for Copper in the Form of a 
Cupric Salt Dissolved in Water. 

Take copper sulphate, CUSO4.SOH2. 

1. Note that the solution is blue. 

2. HgS; black pp. (CuS), insoluble in dilute acids. 

3. NH4HO added gradually; a greenish pp., 
easily soluble in excess, giving a deep blue liquid. 

4. K4FeC6N6, ferrocyanide ; a reddish brown pp. 
(CuaFeCfiNg). 

5. After addition of a few drops of acid, a clean 
piece of iron (e.g. a knife-blade) dipped into the 
solution becomes coated with copper. 

A. Detection of Mercury, Lead, and Copper in 
the presence of one another. 

Add dilute H2SO4 in excess. Filter. 

Precipitate. — White=PbS04. Confirm by drying it 
and reducing with KCN on charcoal. 

Filtrate. — Divide into two parts. 

1. Test for Hg by SnCl2 or by copper. 

2. Test for Cu by excess of NH4HO, or by ferro- 
cyanide. 
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If Hg is present a white pp. (HgNH2Cl) will be 
thrown down by ammonia ; but this will not prevent 
the blue colour of the liquid from being seen. 

B. Chief Tests for Bismuth in the Form of 
Nitrate or Chloride Dissolved in Dilute 
HNOs OR HCl. 

1. HjS ; black pp. (sBigSa). Compare Sb. 

2. Water added in considerable quantity gives 
with the chloride a white pp. (=BiOCl). 

If the nitrate has been used, add some NH4CI 
before the water. This pp. is not dissolved by tar- 
taric acid. Compare Sb. 

Blowpipe, — Heat some dry bismuth salt (say, 
BiONOa) with NaaCOa and KCN on charcoal. 
Very brittle white globules of bismuth are^ formed. 

B. Chief Tests for Cadmium in the Form of 
A Soluble Salt Dissolved in Water. 

Take cadmium sulphate, CdS04.sOH2. 
I. HjS ; bright yellow pp. (CdS). This pp. is 
insoluble in — 

a. (NH4)2S. 

b. NaHOorKHO. 

c. Solution of KCN. 
But is soluble in — 

a. Boiling strong HCl. 

b. Boiling dilute H2SO4. 
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Compare As and Cu. 

2. NH4HO \ white pp., very easily soluble in 
excess. 

B. Detection of the Metals of tlie Fifth (a) 
Ghronp when mixed together. — Add a little HCl, then 
saturate the liquid with HgS, and filter oflf the pp. 
Drain it and boil with a little strong HNO3. Eva- 
porate away most of the acid ; then add a little dilute 
sulphuric acid and some water, and filter. 

Insoluble Residue, — If white^ consists only of 
PbS04 (partly produced by oxidation of PbS). Boil 
with solution of ammonium acetate, which dissolves it % 
then test for lead by adding K2Cr04. Or better^ 
dry the powder and reduce on charcoal. 

If blacky may contain HgS and PbS04. Boil with 
NH4C2H3O2 and filter. Test the solution for Pb by 
K2Cr04, and the black residue for Hg by dissolving 
in a few drops of aqua regia, diluting with water and 
testing with copper or SnCl2. 

Filtrate. — Add excess of NH4HO, and filter. 

Precipitate. — Bi(H0)3. Wash, then dissolve in the 
least quantity of HCl, and add much water ; white 
milkiness=BL 

Filtrate. — If quite colourless test for Cd by adding 
ri20. 

If blue, add solution of KCN till decolorised, 
then H2S, and filter off yellow pp., if any (=CdS). 

Boil till all H2S is driven oflf, then acidify clear 
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liquid with acetic acid, and test for copper with 
K4FeC6N6. 

Group 5^. As^ Sd, Sn. 

A. Chief Tests for Arsenic in the Form of 
ArsenioiLS Anhydride (AS2O3). 

1. Heavy white lumps or powder. Heated gently in 
a dry test tube, sublimes completely, giving a glittering 
deposit of minute octahedral crystals. Examine 
these carefully under a lens or microscope. 

2. The powder mixed with dry powdered KCN, 
and heated in a narrow test tube, gives a shining 
black sublimate of elemental arsenic. 

A Chief Tests for Arsenic in the Form of 
AN ArsenioiLS Compound in Solution, 

Take solution obtained by boiling white arsenic 
(AsqCs) in water for some time. 

1. H2S ; a yellow solution. If HCl is added, 
either before or after the HqS, a yellow pp. (AsqSj), 
which is insoluble in boiling strong HCl, but dissolves 
readily in yellow ammonium sulphide or in potash or 
soda. 

2. AgNOj ; a yellow pp. (AggAsOa), soluble in 
nitric acid or in solution of ammonium hydrate. 

3. Reinsch's Test, — ^The liquid is acidified with 
HCl and a piece of bright copper foil heated in 
it. The copper becomes coated with a grey crust 
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^AsgCus). It must be taken out, dried, and heated 
strongly in a small test tube. A sublimate of crystals 
(i, p. 64) is formed. 

A. Separation of Arsenic from Mercury, Lead, 
and Copper. — Acidify the solution, if necessary, with 
HCl and saturate with H2S. Filter off the pp., wash 
with water, and boil with NaHO. Filter. 

Solution, — Add HCl in excess. A yellow pp. 
^AsjSa- A slight white pp. of sulphur may be 
neglected. 

Residue on filter consists of HgS, PbS, CuS, If 
these are to be identified, dissolve the pp. in the least 
possible quantity of HCl and HNO3 by boiling, and 
test for the lead by dilute H2SO4, for the Hg by 
copper, and for the copper by ammonia, as on p. 61. 

A. Separation of Arsenic, Mercury, Lead, and 
Copper from Zinc, Iron, Aluminium, Calcium, 
Magnesium, &c. — Acidify the solution with HCl, and 
saturate with H2S. 

Precipitate,— ksS:^, HgS, PbS, CuS, to be dealt 
with as above by boiling with NaHO, &c. 

Solution filtered (?^ contains all the rest. Boil it 
first alone, to expel HgS ; then with a little HNO3, to 
convert ferrous into ferric salts, if present Then add 
NH4CI * and NH4HO in excess. 

♦ To prevent partial precipitation of Mg, if present in large 
quantity. 

F 
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Fredfitate.^K\^{nO)^ and Fe2(HO)6 ; filter if 
necessary, and add to the solution NH4HS. 
White pp,=Zx&. 

Filter if necessary, and add (N 114)2003 and heat 
White pp,^Q2SZO^. 

Filter if necessary, and test the solution for Mg, K^ 
Na, as on p. 48. 

B. Marsh's Test for Arsenic. — A small flask^ 
arranged as in the figure, is required. To the tube a 

is fitted by an india-rubber joint 
a piece of hard glass tubing b drawn 
out to a point 

Some granulated zinc is put into 
the flask with a little water, and 
enough hydrochloric acid added ta 
start a brisk effervescence. As soon 
as the air is all expelled,* the escap 
ing jet of hydrogen is ignited, and then a small quantity 
of the solution of arsenic added through the funneL 
Arsenetted hydrogen, AsHj, now accompanies the 
hydrogen. Remember tJiat the gas and the fumes 
produced by its combustion are very poisonous^ and 
tJierefore avoid inJmling them. The experiment ought 
to be made in a draught cupboard or in the open 
air. 

A white china plate held in the flame becomes 
coated with a brown or black metallic stain of As. The 

• Which is ascertained by collecting some of the hydrogen 
in a test tulxi and lighting it. It should bum quietly. 
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spots are immediately dissolved by solution of chlo- 
rinated soda (NaClO + NaCl). Compare Sb. 

Another Way of Testing the Gas for As, — Support 
the escape tube by the ring of a retort stand or other- 
wise, and apply a Bunsen flame near the middle till the 
glass is almost red hot A mirror-like deposit of arsenic 
will be formed inside the tube just beyond the flame. 
If the tube is afterwards cut off" here, the stain will be 
found to be soluble in chlorinated soda; or if the 
piece of tube, now open at both ends, is held in a 



Fig. 8. 




slanting position over a flame, so that the mirror 
alone is heated, it will give a sublimate of crystals 
(i, p. 64). 

B. Hofmaim's Test for Arsenic. — By means of 
the apparatus employed for Marsh's test generate 
AsHs ; but instead of burning the gas conduct it, by 
means of a bent piece of tubing, into a test tube con- 
taining solution of silver nitrate. A black pp. of 
metallic silver is formed, whilst nitric acid and 
arsenious acid remain in solution. Afl:er the gas 



F2 
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has been passing for about five minutes filter the 
liquid in the tube, add a little more silver nitrate, and 
then veiy cautiously a few drops of solution of 
ammonia, to neutralise the nitric acid A yellow 
pp. of AggAsOa is formed. 

B. Fleitmann's Test for Arsenic. — Boil a piece of 
granulated pure zinc or aluminium foil with solution 
of soda ; hydrogen is evolved. Add a few drops of 
solution of AsgOa ^ the escaping gas now contains 
AsHj, which may be recognised by its blackening a 
piece of filter paper wetted with AgNOa ^nd held over 
the mouth of the test tube. This stain disappears on 
wetting it with diluted HNO3, whereby it is proved 
not to consist of Ag2S. This test is usefiil for dis- 
tinguishing readily As from Sb, the compounds of 
which are not reduced to SbHa in alkaline solu- 
tion. 



B. Chief Tests for Antimony in the Form of 
Antimonious Chloride Dissolved in Dilute 
HCl. 

1. Water; a white milkiness, due to precipitation 
of SbOCl. This pp. is easily soluble in warm hydro- 
chloric or tartaric acid. Compare BL 

2. H2S ; an orange pp. (Sb2S3), soluble in hot 
HCl (compare As), also soluble in (NH4)2S2 and in 
NaHO or KHO. 

Blowpipe Test, — A dry compound of antimony 
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(eg. Sb203, or * tartar emetic') heated with KCN 
on charcoal gives very brittle globules of metal, with 
a white smoke of oxide upon the charcoal. 

B. Marsh's Test for Antimony. — Take the same 
apparatus as for detection of arsenic, using fresh zinc. 
Add a few drops of the acid solution of SbCla, and 
bum the gas as before. The stains formed upon the 
porcelain are less lustrous than arsenic stains, and are 
not soluble in the solution of chlorinated soda. 

B. Hofinann's Test for Antimony. — Proceed as 
in testing for arsenic. A black pp. will be formed in 
the solution of silver nitrate, but this contains the 
antimony in form of SbAgj, whilst nitric acid remains 
in solution. 

Collect the pp. and wash it well upon a filter ; 
then boil it with solution of NaHT, to extract the 
antimony ; add a few drops of HCl ; filter, if neces- 
sary, and test for Sb by H2S. 

B. Chief Tests for Tin in Form of Stannous 
Chloride Dissolved in Hydrochloric Acid. 

1. HgS ; dark brown pp. (SnS), soluble in hot 
solution of KHO, and, on addition of excess of HCl, 
reprecipitated unchanged. Also soluble in yellow 
ammonium sulphide. On adding HCl to this liquid 
a yellow pp. of SnS2 is formed. 

2. HgClg ; white pp. (Hg2Cl2), which if boiled 
with excess of stannous chloride becomes black, Hg. 
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B. Tests for Tin in Form of Stannic Chloride 
Dissolved in Hydrochloric Acid. 

1. HgS ; dull yellow pp. (SnSg), difficult to filter 
off till it has been well boiled. Soluble in KHO or 
in Am2S2, and reprecipitated unchanged by acid. 

2. HgCl2 ; no pp. 

B. Tests for Tin as Stannous or Stannic 

Compound. 

1. Zinc added to an acid solution becomes covered 
with crystals of metallic tin. All the tin is ^ultimately 
thrown down. .Tin is soluble in boiling hydrochloric 
acid, and the solution contains SnCl2. 

2. Blowpipe. — A dry tin compound heated with 
KCN on charcoal gives white globules of metal, 
which are malleable, but do not mark paper. 

B. Separation of the Metals of the Fifth {b) 
Group when mixed together. — Either of the follow- 
ing processes may be used : — 

I. Precipitate the three metals in form of sul- 
phides by adding HCl and excess of H2S. Collect 
the pp., drain it well, and boil in a test tube with 
strong HCl ; add a little water, and filter. 

Insoluble Residue, — ^Yellow AS2S3. Wash with hot 
water acidified with HCl, then with water, and dry in 
water bath. Heat a portion with KCN in a tube 
f 2, p. 64). 
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Solution, — ^Test for Sb by Marsh's test, following 
directions given, p. 69. 

After the action has gone on for some time, and 
nearly all the zinc is dissolved, pour away the solu- 
tion. The tin will then be found in the black residue. 
Boil it with a little strong HCl till dissolved, then 
test the solution with HgCl2. 

II. Hoffnann!s Method, — Pour the solution into 
the flask containing zinc, and pass the gas into solu- 
tion of silver nitrate. The black pp. must be filtered 
off, washed well, and tested for Sb. The remaining 
solution is neutralised with NH4HO (see p. 68). 

The tin is found in the generating flask, and is 
tested for as in process I. 

Group 6. Ag, Hg, Pb, 

A, Chief Tests for Silver in the Form of a 
Soluble Salt Dissolved in Water. 

Take silver nitrate, AgNOa. 

1. HCl ; a white pp. (AgCl), which, unless too 
much HCl has been added, easily separates from the 
liquid in clots or lumps. The pp. becomes purplish 
when exposed to sun light ; it is very soluble in 
NH4HO, but not in strong HNO.,. 

2. Solution of KCN ; a white curdy pp., resem- 
bling the chloride, very easily soluble in excess of 
KCN. The solution rubbed upon clean copper 
produces a white stain of silver, which is not driven 
away by heat. 
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A. Chief Tests for Mercury in the Form of a 
MercuroiLS Salt Dissolved in Water. 

Take solution of Hg2(N03)2 in dilute HNO3. 

1. Mercurous salts are volatilisable by heat, and 
in general behave in the same way as mercuric salts. 
The most important difference is in the action of — 

2. HCl \ a white pp. (Hg2Cl2), converted by 
heating with HNO3, or aqua regia, into soluble mer- 
curic salts. 

NH4HO changes it into black insoluble Hg2NH2CL 
A. The tests for Lead are given on p. 60. 
When the solution is weak no pp. is produced by 
HCl in solution of a lead salt. 

A. Separation of the Metals of the Sixth Group 
when mixed together. — Add HCl as long as any pp. 
is thrown down, and filter. Remember that if any 
lead is present, a part of it will remain in solution. 

Boil the pp. with water, and filter. 

Filtrate, — Set it by and observe whether crystals of 
PbCl2 are deposited. If not, add excess of dilute 
H2SO4, and look for white pp. of PbS04. 

Insoluble Portion of Precipitate on the Filter, — Pour 
over it some NH4HO, and collect liquid in a clean 
test tube. Add excess of HNO3 to the clear liquid ; 
a white curdy pp.=AgCl. A black residue on the 
filter indicates Hg. 
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B. Notes, — I. It sometimes happens that a white 
pp., SbOCi or BiOCl, makes its appearance when the 
solution contains antimony or bismuth. This is not 
to be confounded with the silver group ; it re-dissolves 
immediately when a sufficient quantity of HCl is added. 

2. If the solution contained nitric acid the addition 
of hydrochloric acid would decompose mercurous. 
nitrate, if present ; but the pp., Hg2Cl2, will re-dissolve 
if the liquid is boiled, being converted into mercuric 
chloride. 

3. Sulphur is thrown down by HCl in the form of 
a white precipitate if the liquid contains an alkaline 
polysulphide, or as a pale yellow precipitate if it con- 
tains a theiosulphate. Such salts, however, are not 
likely to accompany Ag, Pb, or Hg. 

A. Separation of Silver, Lead, and Mercury (a& 
Merenrons Salt) from the rest of the Metals. — ^Add 
hydrochloric acid as long as a pp. is thrown down. 

Precipitate.— K%Q\ HggCla, and PbCla. These 
may be dealt with as on preceding page. 

Filter. 

The filtrate contains all the other metals, because 
their chlorides are soluble in water. Test by direc- 
tions on p. 65. 
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J^EVIEW OF THE ANALYTICAL GROUPING OF 

THE METALS. 



Group 
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Group 
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Group 
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Group 
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Hg(ous) 

Pb 

1 


A. B. 

Pb As 
Hg(ic) Sb 
Bi Sn 
Cu 
Cd 


Fe 
Al 
Cr 


Zn 
Mn 

Ni 
Co 


A. B. 

Ba Mg 

Sr 

Ca 


K 

Na 

NH4 



VI. Thrown down as insoluble (ex. Pb) chlorides 
— AgCl, Hg2Cl2, and PbClg, — all other chlorides 
being easily soluble in dilute HCL 

V. Thrown down by HgS as sulphides from a solu- 
tion acidified with HCl, the sulphides of the succeed- 
ing groups being soluble in dilute HCl. This group 
admits of two subdivisions. 

A. Sulphides— PbS, HgS, BigSg, CuS, CdS— inso- 
luble in (NH4)2S2 or NaHO. 

B, Sulphides — AS2S3, Sb2S3, SnS, and SnS2 — solu- 
ble in (NH4)2S2 or NaHO. 

IV. After removing the two preceding groups 
the addition of NH4HO under proper conditions 
throws down Fe2(HO)6, Al2(HO)6, and Cr2(HO)6, 
with small quantities of Mn2(HO)6 when Mn is 
present. 

III. After removing the three preceding groups 
these are the only metals which form sulphides 
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isoluble in water or alkaline solutions : — ZnS, MnS> 
'oS, NiS. These, sulphides are not formed in pre- 
enceof HCL 

II. Alkaline earth metals. Sulphides soluble in 
cids and more or less in water, and therefore cannot 
le precipitated The group is divided into two parts. 

A, Carbonates — BaCOa, SrCOa, CaCOa — ^insolu- 
►le in NH4CI. 

B. Carbonate—MgCOa— soluble in NH4CL 

I. Alkali metals. Sulphides, carbonates, hydrates, 
ihosphates, all soluble in water. 



CABLES OF SHORT DIRECTIONS FOR THE 
DETECTION OF ANY OF THE COMMON 
METALS IN AN AQUEOUS OR SLIGHTLY 
ACID SOLUTION, 

These tables include and reproduce the directions 
)r the separation of the groups as already given. 

In adding the reagents, if the addition of a small 
uantity fails to produce a precipitate, the group is 
robably absent. But if a precipitate forms, be sure 
> add sufficient of the reagent to throw down the 
^hole of that group. It is necessary to use especial 
a,te to ensure excess of sulphuretted hydrogen. 

Take care that after additio7i of ecu:h reagent the 
quids are well mixed. 

If oxidising agents are present (such as chlorine. 
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nitrous acid, or sulphurous acid) H2S will often give 
a pp. of sulphur. If this happens, boil the liquid well 
for a few minutes before passing in the gas. If there 
is much nitric acid it should be evaporated away, and 
the liquid diluted with water. 

Wash every precipitate once or twice by pouring 
hot water over the filter containing it. 

When the quantity of precipitate to be treated with 
acid is considerable, it may be taken off the filter by 
help of a slip of glass or wood, or a platinum spatula, 
and placed in the test tube in which it is to be boiled. 
But when the precipitate is very small it is best to 
wash it well, tear off that part of the filter which con- 
tains nothing, and place the rest, with the precipitate 
adhering to it, in a test tube with a small quantity of 
the solvent Boil it, if necessary, then add some 
water, and filter from the undissolved pulp. 



CHARACTERS OF THE CHIEF NEGATIVE SALT 
RADICLES, AND TESTS. 

FIRST DIVISION. 

Salts which^ when gently heated with dilute sul- 
phuric ctcid, evolve gas or vapour. 

Carbonates evolve COj 
Sulphites „ SO2 

Theiosulphates „ SO2 
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Sulphides 




HaS 


Hypochlorites 




CI2 


Nitrites 




N2O3 


Cyanides 




HCN 


Ferrocyanides 




HCN|see Second 
HCN J Division. 


Ferricyanides 




A. Carbonates. 







Examples of Common Carbonates : — 

Smelling salts, (NH4)2C08.* 
Washing soda, Na2C03.ioOH2. 
Chalk or marble, CslCO^, 
Magnesia, MgCOa-t 

1. All carbonates are insoluble in water except 
carbonates of K, Na, NH4. 

2. All carbonates evolve CO2 when heated to 
redness, except K2CO3, Na2C03. 

3. All carbonates effervesce on the addition of an 
acid ; the escaping gas (CO2) is without smell. 

Take some Na2C03 in a test tube and pour on a 
little dilute H2SO4. Test for the presence of COj by 
dipping a clean quill tube into clear lime water and 
holding it in the gas. The drop becomes milky. 

* Really a mixture of two or more ammonium compounds, 
of which this is perhaps the chief. 

t True formula, sMgCO, + Mg(HO)j + 40Hj. Nearly all 
carbonates, except those of the alkalies and alkaline earths, con- 
tain hydrate. 
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B. Hydric Carbonates. — ^The only definite com- 
pounds of this kind are the *bicarbonates' of potas- 
sium, sodium, and ammonium. They are alkaline to 
test paper. 

1. To some boiling water contained in a test 

tube add a crystal of KHCO3. It dissolves with 

effervescence, as bicarbonates are decomposed by 

heat. 

2KHC03=KaC03 + OHg + COa- 

2. To solution of MgS04 add solution of KHCO3 
made with cold water. No precipitate is formed until 
the liquid is boiled. The normal carbonate gives an 
immediate white precipitate (MgCOs). 

3. To solution of HgCla add solution of KHCO3, 
prepared with cold water. A yellowish white pre- 
cipitate is thrown down. The normal carbonate gives 
a red precipitate. 

A. Sulphites. Take sodium sulphite, Na2S03. 

1. Sulphites generally resemble carbonates in 
solubility. 

2. All sulphites are decomposed by dilute H2SO4, 
with effervescence if the solution is strong. The 
escaping gas (SO2) smells of burning sulphur. 

3. 'WTien a small quantity of a sulphite or of sul- 
phurous acid has to be recognised the following is 
the best test : — 

Add to a few pieces of granulated zinc contained 
in a test tube some dilute HCl till there is brisk effer- 
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vescence. Then pour in a little of the liquid to be 
tested, and hold a lead acetate test paper in the escap- 
ing hydrogen. Any sulphite present will be reduced by 
the nascent hydrogen and converted into HjS, which 
will stain the paper. 

H2S03+6H=H2S+30H2. 

B. Theiosulphates. Take sodium theiosulphate 
(hyposulphite), Na2S203.50H2 dissolved in water. 

1. HCl, or dilute H2SO4, causes in a minute or 
two, or immediately on warming, a smell of SO2 and 
a yellow precipitate of sulphur. 

2. AgNOa ) ^ nearly white pp. (Ag2S203), which^ 
on shaking, re-dissolves in excess of Na2S203. Add 
excess of AgNO^ and heat; the pp. becomes 
black 

Ag2S203 + OH2 = Ag2S + H2SO4. 

Silver Silver Sulphuric 

theiosulphate. sulphide. acid. 

A. Sulphides. 

1. All sulphides are insoluble in water, except 
those of Ba, Sr, Ca, Mg, K, Na, NH4. 

2. Nearly all sulphides are decomposed by hydro- 
chloric acid, and by dilute sulphuric acid, evolving 
H2S, which is known by the smell and by blackening 
lead test paper. 
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Exceptions : — 

AS2S3, insoluble in hot strong HCl. 
HgS „ „ „ 

FeSj (iron pyrites) „ „ 

CuS, almost insoluble. 

AggS, NiS, and CoS, insoluble in dilute HCl, 
decomposed with difficulty by strong HCl. 

3. When any sulphide is heated with HCl mixed 
with HNO3 or KCIO3, the sulphur gradually dis- 
solves in the form of H2SO4, which may be recognised 
by adding BaCl2. 

4. A dry sulphide, heated in an open test tube, or, 
better, in a piece of hard glass tubing open at both 
ends and held obliquely over a flame, generally gives 
by oxidation sulphur dioxide gas, which is easily 
recognisable by the smell. 

B. Hypochlorites. — Not known except in com- 
bination or mixture with the chloride of the same 
metal. Bleaching powder, or 'chloride of lime' 
<CaCl2.CaCl202, or, more probably, CaCl(ClO)), may 
be taken as an example. 

Shake up some bleaching powder with cold water, 
and filter the liquid. 

I. H2SO4 ; chlorine evolved, recognisable by 
smell, colour, and bleaching power. 

CaCl(ClO) + H2S04=CaS04 + OH2 + Clj. 



Characters of Negative Salt Radicles. Si 

2. Pb(C2H302)2 ; a white pp., becoming yellow, 
and then deep brown, especially when heated. 
The brown pp. is lead peroxide, Pb02. 

B. Nitrites. 

Take potassium nitrite, KNO2. 

1. Dilute H2SO4 ; yellow gas (N2O3) evolved. A 
nitrate mixed with dilute sulphuric acid gives off no gas. 

2. KI, mucilage of starch, dilute H2SO4, added 
successively ; a blue colour, showing liberated iodine. 
Nitrates give no colour with the same reagents. 

3. In other respects nitrites agree with nitrates. 

B. Cyanides. 

Take solution of potassium cyanide, KCN. 

1. Dilute H2SO4 added to a very small quantity 
of KCN gives a peculiar disagreeable smell of HCN 
(hydrocyanic acid or prussic acid). This vapour is to 
be carefully avoided^ as it is very poisonous, 

2. Solution of FeS04, then Fe2Cl6 and excess of 
dilute HCl ; deep blue pp. (prussian blue). 

3. A minute quantity of a cyanide dissolved in a 
few drops of yellow (NH4)2S2 gives ammonium 
theiocyanate, NH4CNS. Evaporate till excess of 
sulphide is driven off, then dilute, and add Fe2Cl6 
and a very little HCl ; blood-red coloration, ferric 
theiocyanate (Fe2C6N6S6). 

4. AgNOj added to KCN gives a pp. (AgCN) 
which at first re-dissolves, but remains when excess of 

G 
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AgNOa has been added Collect the precipitate on 
a filter, wash, dry, and heat it to redness. Metallic 
silver remains. Silver chloride, AgCl, when heated, 
melts, but is not decomposed 

SECOND DIVISION. 

Salts which are not perceptibly decomposed by cold 
dilute B^SO^^ but are decomposed by hot strong H^SO^^ 
evolving gas or vapour. 

Nitrates evolve HNO, 

Chlorides „ HQ 

Bromides „ HBr and Br^ 

Iodides „ I2 

Fluorides „ HF 

Chlorates ,, CIO2 

Acetates „ HC2H3O2 

Oxalates „ CO2+CO 

Tartrates „ CO, SO2, &c. 

Ferrocyanides „ CO 

Ferricyanides „ \ CO. 

A. Vitrates. 

Examples of Common Nitrates: — 

Nitre or saltpetre . , KNO3 
Chili nitre or saltpetre . NaNOj 
Silver nitrate . . . AgNOa 
Barium nitrate . . Ba(N03)2. 

Take potassium nitrate, KNOa. 
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T. All nitrates are soluble in water (except a few 
oxynitrates — e.g. BiONOg). 

2. Strong H2SO4 heated with a solid nitrate, or 
with a strong solution ; acid fumes of HNO3, 
Copper scraps added cause the evolution of NO, 
which becomes orange red on mixing with the air. 

3. Take a weak solution of the nitrate, and 
dissolve in it a crystal of FeS04.70H2. When quite 
cold pour into the tube, held slanting, sufficient 
strong H2SO4 to form a distinct layer at the bottom. 
A deep piuT)lish or brown colour will appear where 
the two liquids meet 

4. Melt a nitrate on charcoal ; it deflagrates (see 
pp. 22, 28). 

A. Chlorides. 

Examples of Common Chlorides : — 

Common salt . . NaCl 
Potassimn chloride . KCl 
Calcium chloride . CaClQ or CaCl2.60H2 
Barium chloride . BaCl2.20H2. 
Take sodium chloride, NaCl. 

1. All chlorides are soluble in water except AgCl, 
Hg2Cl2, and a few oxychlorides — e.g. BiOCl, SbOCl. 

2. Strong H2SO4 added to a solid chloride or to 
a strong solution of a chloride ; steamy acid fumes of 
HCl are evolved, 

3. Add a little water and Mn02 to the residue 

G2 
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of test 2 ; chlorine evolved, which bleaches wet litmus 
paper. 

4. AgNO, added to the solution of NaCl; a white 
curdy pp., insoluble in boiling strong HNO3 (AgCN 
dissolves), soluble in solution of ammonia. 

B. Bromides. 

Take potassium bromide KBr. 

1. All bromides are soluble in water except AgBr, 
HgjBrj, PbBrj (sparingly soluble). 

2. Strong H2SO4; steamy fumes of HBr accom- 
panied by brown vapoiu* of bromine, the quantity of 
which is increased by adding Mn02. 

3. Add chlorine water to the solution ; the liquid 
becomes yellow from free bromine. Shake up with a 
little CS2 and let it stand. An orange-coloured solu- 
tion of bromine in CS2 sinks to the bottom. 

4. AgNOa added to the solution gives a yellowish- 
white pp., AgBr, which is insoluble in nitric acid, but 
somewhat soluble in ammonia. 

A. Iodides. 

Use potassium iodide KI. 

1. All common iodides are soluble in water except 
Agl, Hglj, Hg2l2, Pbl2 (sparingly soluble), CusI^. 

2. Strong H2SO4, poured into the solution, gives 
a brown liquid, which deposits black scales of iodine, 
and as it becomes hot evolves purple vapour. 

3. Chlorine water ; a brown liquid, which shaken 
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up with carbon bisulphide gives a purple solution of 
iodine, which rapidly settles to the bottom, leaving the 
watery liquid partly or wholly decolorised. 

4. Starch solution followed by a few drops of 
chlorine water, or of bromine water, or of potassium 
nitrite and sulphuric acid ; an intensely blue com- 
pound of iodine and starch. The blue colour is 
destroyed by heat or by excess of chlorine or bromine, 
but not by the nitrite. 

5. AgNOa ; a yellow pp. (Agl) insoluble in nitric 
acid, and almost insoluble in solution of ammonia. 

6. HgCl2; a scarlet pp. (Hgl2), soluble in excess 
either of HgCla or of KI. 

HgCla gives no pp. with a chloride or bromide. 

B. Fluorides. 

The only fluorides of importance are fluor spar, 
CaFa, and cryolite, NaaAlFe. These are both inso- 
luble in water and dilute acids. 

The test for fluorides depends upon their decom- 
position by sulphuric acid, and the action of the 
resulting HF upon glass. 

Into a small leaden cup a little powdered fluor 
spar is put, and moistened with a few drops of strong 
H2SO4. A piece of glass is coated with paraffin or 
wax, a few marks scratched through the wax so as to 
lay bare a jJortion of the glass, and this prepared sur- 
face is then exposed to the fumes produced by gently 
heating the fluor spar and sulphuric acid. Care 
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should be taken that the wax is not melted. After a 
few minutes the glass is removed, the wax cleaned oftV 
and the exposed portions of the surface will be found 
to be permanently etched. 

B. Chlorates. 

Take potassiiun chlorate, KCIO3. 

1. All ordinary chlorates are soluble in water. 

2. Strong H2SO4 ; a few crystals wetted with the 
acid become yellow and give off a yellow gas (CIO 2). 
On applying heat a succession of explosions occurs. 

3. Heat the dry salt ; oxygen is evolved. On 
charcoal it deflagrates like a nitrate. 

4. Heat a small crystal till boiling ceases, cool, 
dissolve in water, and add AgNOa; white pp. of AgCL 
(Difference from nitrate.) 

A. Acetates. 

Examples of Common Acetates : — 

Potassium acetate . KC2H3O2 
Sodium acetate . . NaC2H302.30H2 
Sugar of lead . . Pb(C2H302)2.30H2. 

Take sodium acetate. 

1. All acetates are soluble in water. AgC2H302 
and Hg2(C2H302)2 are the least soluble. 

2. Strong H2SO4, gently heated with a solid 
acetate or with a strong solution of the same; a smell 
of strong vinegar. 
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3. Add to the residue of test 2 a few drops of 
rectified spirit; a fragrant smell of ethyl acetate is 
produced on heating. 

4. A solid acetate heated evolves a mixture of 
acetic acid and acetone. Smell characteristic. 

5. Fe2Cl6 added to the solution in water; an 
orange-red coloration, giving a brown pp. (basic 
ferric acetate) on boiling. 

A. Oxalates. 

Examples of Comj?ion Oxalates : — 

Oxalic acid . . H2C2O4.2OH2 
Ammonium oxalate . (NH4)2C204.20H2 

fKHC204) 



Salt of sorrel 



H2C2O4 



2OH, 



Take ammonium oxalate. 

1. Most oxalates are insoluble in water except the 
oxalates of the alkali metals. There are acid and 
neutral oxalates. 

2. Strong H2SO4, added to a solid oxalate or to 
a strong solution of the same ; on applying heat effer- 
vescence occurs, due to escape of a mixture of CO 
and CO2. The former is combustible, and when 
in sufficient quantity will bum at the mouth of the 
tube. The latter can be recognised by its action on 
lime water. 

Test for it as in dealing with a carbonate, p. 77. 

3. Dilute H2SO4; no effervescence even when 
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heated, but an immediate evolution of CO2 on adding 
a little MnOs* 

4. Action of heat on oxalates. 

Dry (NH4)2C204, when heated in a test tube, 
gives a sublimate of oxamide, C202(NH2)29 which 
is nearly insoluble in water. 

Other oxalates give first inflammable CO^ and 
afterwards CO2, or a mixture of the two gases. The 
residue is sometimes grey, but never black. 

A. Tartrates. 

Examples of Common Tartrates: — 

Tartaric acid . . H2C4H4O6 
Potassium neutral tartrate K2C4H4O6 
Cream of tartar . . KHC4H40g 
Sodium acid tartrate . NaHC4H406.0H2 
Rochellesalt . KNaC4H406.40H2 

Tartar emetic . . K(SbO)C4H406.0H2. 

Take Rochelle salt. 

1. Very many tartrates are soluble in water, and 
the presence of tartaric acid in a solution prevents 
the precipitation of some metals — e.g. Fe, Cr, Al — by 
alkalies. 

2. Strong H2SO4 ; on applying heat, charring 
occurs, and a mixture of gases — SO2, CO2, CO, 
&c — is evolved. 

3. AgNOg added to the solution in water; a 
white pp. of Ag2C4H406, soluble in a few drops of 

NH4HO. Heat gently for some time ; a black pp. 
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of metallic silver is formed, partly deposited upon 
the tube as a shining silvery coating. 

4. Heat the dry salt ; a smell of burnt sugar is 
evolved, and the residue becomes black from produc- 
tion of charcoal. 

B. Ferrocyanides. 

The only soluble ferrocyanide commonly met 
with is the potassium ferrocyanide, or yellow prus- 
siate of potash, K4FeC6N6.30H2. It forms large 
yellow crystals, easily recognisable by their ready 
cleavage in one direction. 

1. Dilute H2SO4 ; no change when added to the 
cold solution in water. On boiling, vapour of HCN 
is evolved, and the liquid becomes blue. Remember 
that HCN is poisonous. 

2. Strong H2SO4 ; added to the dry salt and 
heat applied, a white mass of potassium sulphate, 
ammonium sulphate, and ferrous sulphate is formed, 
and abundance of carbonic oxide, CO, is evolved. 

K4FeC6N6 + 1 1H2SO4 + 6OH2 
=4KHS04 + 6NH4HSO4 + FeS04 + 6CO. 

3. Solution of FeS04, free from ferric salt; added 
to the solution gives a white pp., which rapidly 
becomes blue on exposiue to the air. 

4. Fe2Cl6 ; added to the solution gives * pnissian 
blue.' 

5. CUSO4 ; gives reddish-brown cupric ferro 
cyanide. 
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B. Ferricyanides. 

The only common fenicyanide is the potassium 
salt, *red prussiate of potash,' K6Fe2(CN)i2. 

1. Dilute H2SO4 ; HCN evolved on boiling. 
Remember that HCN is poisonous. 

2. Strong H3SO4 and a few drops of water ; CO 
evolved, accompanied by a small quantity of CO2. 

3. Solution of FeS04 ; a deep blue pp., * TumbulFs 
blue/ 

4. Solution of Fe2Cl6 ; no pp., but a deep brown 
or greenish coloration. 

THIRD DIVISION. 

Salts which give no gas or vapour when heated with 
strong H^SO^, 

Sulphates 

Phosphates 

Arseniates 

Borates 

Chromates (evolve a little oxygen). 

A. Sulphates. 

Examples of Common Sulphates : — 

Potassium sulphate K2SO4 
Sodium sulphate Na2S04.ioOH2 
Gypsum . . CaS04.20H2 
Green vitriol . FeS04.70H2 
Blue vitriol . CUSO4.5OH2 
Epsom salt . MgS04.70H2 
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Zinc sulphate . ZnS04.70H2 
Alum . . (NH4)2S04.Al2(S04)3.240H2 
or 

K2S04.Al2(S04)3.240H2. 

Take sodium sulphate. 

1. All sulphates are soluble in water except 
BaS04, PbS04, SrS04, CaS04 (slightly soluble). 

2. BaCl2 added to the solution in water ; a white 
pp. insoluble in HCL 

3. Mix the dry salt with some powdered charcoal, 
moisten with water, and then fuse in the inner 
flame on charcoal. The fused mass contains sodium 
sulphide, Na2S. If the mass is wetted and placed on a 
silver coin, it makes a dark brown stain, and when 
treated with dilute HCl it evolves H2S. 

If a sulphate containing a heavy metal (such as 
Fe) is to be tested, it must be mixed with some 
Na2C03 before heating. 

A. Phosphates. 

Examples of Common Phosphates : — 

Sodium phosphate . Na2HP04.i20H2 

Microcosmic salt . NaNH4HP04.40H2 

Bone phosphate . Ca3(P04)2 

Superphosphate of lime CaH4(P04)2. 

Take sodium phosphate. 

I. All phosphates are insoluble in water except 
the phosphates of the alkali metals and a few acid salts. 
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2. AgNOa ^d^ to the solution in water; a 
yellow pp. (Ag3P04) soluble in NH^HO and in adds. 

3. A large excess of NH4HM0O4 dissolved in 
nitric acid; a yellow liquid which on heating deposits 
a yellow pp. 

This pp. is not formed readily in presence of 
rauQh phosphate or of hydrochloric acid. This test 
is applicable to all phosphates. 

4. Mix NH4CI, MgS04, and excess of NH4HO; 
this solution added to an alkaline phosphate gives a 
white pp., MgNH4P04.60H2. Compare magnesium, 
p. 46. 

B. Arseniates. 

Take sodium arseniate, Na2HAs04.70H2. 

1. Arseniates resemble phosphates in nearly every 
respect as regards solubility. 

2. AgNOa'added to the solution in water ; a cho- 
colate brown pp. (Ag3As04), soluble in NH4HO and 
in acids. 

3. A large excess of acid ammonium molybdate 
gives a pp. as with a phosphate, but only on boiling. 

4. Mixture of MgS04, NH4CI, and NH4HO; 
white pp., MgNH4As04.60H2 resembling the phos- 
phate. 

5. Add strong HCl, then heat to boiling, and pass 
HaS ; a yellow pp. of AsgSa mixed with sulphur is 
thrown down. 

(Difference from phosphate.) 
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B. Borates. 

Take common borax, Na2B407.ioOH2. 

1. Borates are generaUy insoluble in water, except 
the borates of the alkali metals. Common borax, though 
acid in constitution (Na2B4070H2=2NaB02.HB02)^ 
is alkaline to test paper. 

2. Add HCl to solution of borax, wet a piece of 
turmeric paper with the solution, and dry it in a 
water bath. It is stained red. Moisten the stain with 
solution of soda; it becomes deep blue. 

3. Mix a few drops of strong sulphuric acid into a 
paste with borax, then add some methylated spirit, and 
set fire to it in a dark place. The flame is tinged green. 

B. Chromates. 

Take potassium chromate, K2Cr04, dissolved in 
water. 

1. All chromates are red or yellow. Nearly all 
except the chromates of K, Na, NH4, Ca, are in- 
soluble in water. 

2. AgNOa ; red pp. (Ag2Cr04). 

3. Pb(C2H302)2 ; yeUow pp. (PbCr04). 

4. Dilute ,H2S04; the colour of the solution 
deepens, owing to formation of chromic acid. Now 
add sulphurous acid; the solution becomes green 
from reduction. 

2Cr03 + 3H2SO3 = Cr2(S04)3+30H2. 

Chromic Sulphurous Chromic Water, 

anhydride. add. sulphate. 
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5. Other * reducing ' agents may be used instead 
of H2SO3 ; for example, H2S (sulphur precipitated), 
alcohol (aldehyd given off on boiling), oxalic acid 
{CO2 evolved). 

Note. — Chromates, when heated strongly with 
sulphuric acid, evolve oxygen. This character, how- 
ever, is not easily available as a test 



SPECIAL TREATMENT OF PHOSPHATES 
INSOLUBLE IN WATER. 

B. When an unknown substance or mixture of sub- 
stances is to be examined by the table, p. 74, it is 
necessary, in the absence of information about it, to 
ascertain whether phosphates are present or not This 
is done by applying the molybdic acid test to the 
nitric acid solution. If phosphates are found, the 
treatment of the solution after removal of the HjS 
precipitate must be modified ; because, if either of the 
alkaline earth metals, Ba, Sr, Ca, Mg, is present, it 
will be thrown down in the form of phosphate when the 
solution is neutralised by NH4HO, unless a sufficient 
quantity of Fe, Al, or Cr is present to decompose 
those salts completely. If, however, there is excess 
of Fe, Al, or Cr, the presence of phosphoric acid merely 
leads to the precipitation of part of these metals as 
phosphates, whilst the earthy metals find their proper 
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place in the scheme. The principle of the process, 
then, lies in adding to the filtrate fi*om the HgS group 
a slight excess of ferric chloride, and then precipitating 
in the presence of acetic acid, in which ferric phos- 
phate is insoluble. The excess of iron in the form of 
acetate is got rid of by boiling the liquid, when the 
ferric acetate splits up into acetic acid, which remains 
in solution, and a basic or oxy-acetate of iron, which 
is precipitated. 

If the object is merely to recognise the metal 
contained in a phosphate of this kind, the following 
methods may be used : — 

1. Dissolve a portion of the phosphate in hydro- 
chloric acid, and add dilute sulphuric acid in excess. 
Heat gently. If a pp. appears immediately, the metal 
is probably Ba; if only on heating, it is probably Sr. 
If no pp. appears at all, the metal may be Ca or Mg. 
Collect and wash the pp. Dry the filter, and bum it 
in a coil of platinum wire till the ash is nearly white. 
The sulphate is thus partly reduced to sulphide. 
Moisten the ash with HCl and test it by the flame 
and spectroscope. 

2. If no pp. is formed by H2SO4, the following 
process must be used: — 

Dissolve the substance in a little dilute HCl in a 
beaker ; add a slight excess of NaA, in crystals, and a 
little acetic acid ; then pour in solution of Fe2Cl6 til 
there is not only a pp. (Fe2(P04)2), but the liquid is 
coloured brown from formation of ferric acetate. Boil 
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gently in the beaker for five minutesy and filter hot 
Divide the filtrate into several parts. 

^. AddNH4Cl, NH4HO,and(NH4),C03. Heat 
gendy. If no pp. forms, add Na2HP04 ; white pp. 
indicates Mg. 

b. If a pp. is formed by the carbonate, add to a 
fresh portion of the solution CaS04. 

Immediate pp. indicates Ba 
Pp. only on boiling „ Sr 
No pp. on boiling „ Ca. 

c. If a pp. is formed by the carbonate, confirm 
by collecting it on a filter, washing it with hot water, 
re-dissolving in a drop or two of HCl, and testing by 
fiame and spectroscope. 



GENERAL DIRECTIONS FOR ANALYSING AN 
UNKNOWN SUBSTANCE. 

Notes are always to be made in the following order ^ 
and must invariably be written down immediately after 
making each experiment, and are not to be left till the 
end: — 

PRELIMINARY. 

I. Description of the substance — ^solid or liquid, 
colour, crystalline form, action on test papers. (See 
Memoranda I. and II., end of the book.) 
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2. Heat in small dry tube. Result — ^fusion, 
water or solid sublimate, change of colour, gas evolved. 
(See Tables II. and III., end of the book.) 

3. Dissolve in water if possible ; if not, dissolve 
in HCl, in HNO3, ^^ ^ aqua regia. . (See Memoranda 
I. and IV.) If not soluble refer to p. 99. 

4. Observe colour given to flame by a particle 
held on platinum loop — ^yellow, orange red, crimson, 
yellowish green, bright green, blue, violet 

Use the spectroscope for recognition of K, Sr, &c. 

Detection of the Metallic Radicles. 

5. Add group tests to the original solution, 
proceeding according to table already learnt (p. 74). 

I. HCl 
11. HCI + H2S 
III. NH4CH-NH4Ha 

Note. — If a white or pale-coloured pp. is formed here, it 
may consist of ALjCHO)^, Alj(P04)2, or phosphate or oxalate of 
Ba, Sr, Ca, Mg. 

Take a fresh portion of the solution from which the pps. pro- 
duced by HCl and HgS have been removed, add NaHO, and 
observe whether the pp. which is formed dissolves in excess. 
A white pp. which re-dissolves consists of Al2(HO)e or A1,(P04)2 
or Zn (HO),. 

If it does not re-dissolve, test the original substance by 
molybdate of ammonium. If it prove to contain a phosphate, 
the filtrate from the H,S group must be boiled, first alone to expel 
H,S, then with a few drops of HNOj. Some solution of ferric 
chloride is then added, and afterwards excess of NaA and HA, 
and the liquid boiled as directed, p. 95. The analysis may then 
be finished by adding the remaining group tests, NH4HO, &c. 

H 
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If the substance is not a phosphate, test the original for an 
oxalate. If an oxalate is found, heat 9onie of the original solid 
strongly, so as to convert it into carbonate or oxide ; then 
dissolve this in HCl and test for the metal in the usual way. 

IV. NH4HS 

V. (NH4),C03 

VL Na3HP04 

VII. Tests for K, Na, NH4, H. 

If no other positive radicle can be found, and the sdution 
reddens litmus, the compound is probably a hydrogen salt; that is, 
an acid. All common acids when heated strongly evaporate or 
bum away, leaving no residue, except H,P04, which leaves 
HPO, ; HjAsOi, which leaves As^O., volatile at a red heat ; 
H,BO„ which leaves B^O, ; and CrO, which leaves CrjO,. 

6, Having found the metallic radicles, proceed to 
apply CONFIRMATORY TESTS by heating before the 
blowpipe, on charcoal, or in borax bead, &c. 

7. Look for indications of the valency of the 
metal, should it prove to be Hg, As, Sn, Fe, &c. 



Detection of the Negative Radicles. 

8. To the original substance add dilute H2S049 
and heat gently. 

Evolution of CO 2 indicates a carbonate. 

SO2 a sulphite or theiosulphate. 
HgS a sulphide. 
CI 2 a h^-pochlorite. 



„ N2O3 a nitrite. 

„ HCN a cyanide. 
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9. To the original solid substance add strong 
SULPHURIC ACID, and heat. 

Evolution of acid fumes may indicate a chloride, 

nitrate, or fluoride, 
brown vapour— a bromide, 
purple vapour — an iodide, 
yellow detonating gas — a chlorate, 
smell of vinegar — ^an acetate, 
colourless combustible CO — an ox- 
alate, cyanide, ferrocyanide or 
ferricyanide. 
Blackening indicates a tartrate. 

10. Test the solution for a sulphate. 

11. Test the solution for a phosphate. 

12. Test for a borate. 

13. Apply CONFIRMATORY TESTS for the n^ative 
radicles. 

14. Write down the names of the constituents 
detected, and, if a simple salt, its formula. 



Analysis of Substances Insoluble in Hydro- 
chloric Acid and in Nitric Acid. 



List of Insoluble Substances {those in brcukets slightly 

soluble) : — 

BaS04 (PbCla^ 

SrS04 ] PbBra 

Pbl, 



(CaS04) 
^PbS04^ 



rAgCl 
AgBr 
Agl 
very 
slightlyj 



H 2 
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Sb204 and SbaOj 

SnOa 

CaFa 

SiOa and most silicates 

FeCr204 
HgaCla \ 

Hggis soluble in aqua regia 
Hgl2 \ and detected in the 
HgS usual course already 

AS2S3 ' given, 

1. Moisten the powdered substance with water, take 
up a small portion on the platinum loop, and hold it 
in a reducing flame for a few minutes. Cool, moisten 
the residue with HCl, and introduce it into the Bunsen 
flame. Characteristic colours given by Ba, Sr, Ca, Pb. 

2. Test for sulphate by blowpipe test 

3. Test for Ag, Pb, Sn, Sb, by fusion on charcoal 
with KCN in reducing flame. 

4. Test for SiOa thus : — Make a clear bead of 
sodium metaphosphate by heating microcosmic salt on 
a platinum loop. Fuse a particle of the substance in 
the bead by the aid of the blowpipe flame. If silica is 
present, it will float about undissolved, no matter how 
long it is heated; whilst the metallic oxides present will 
dissolve, some of them (especially Qxjd^ communi- 
cating characteristic colours to the bead. 

A more satisfactory process is as follows : — Powder 
the substance finely, mix with at least four times its 
weight of NaHCOa and a little KNOa, and fuse in a 
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platinum capsule for five to ten minutes. Cool, boil 
the capsule with its contents in water, filter, and test 
the liquid for Si02 by acidifying with HCl, evaporat- 
ing just to dryness, and treating the residue again 
with HCL SiOs remains as a gelatinous substance 
insoluble in acids. 

If Si02 is not found, test the liquid for Cr04, SO4, 
CI, Br, I. The insoluble residue must be washed 
with hot water and boiled with HCl, which will dis- 
solve at least part of it. The solution can be tested 
for the metals. 

5. 'fest for F. 

6. Carbon or sulphur may occasionally occur. 
These are recognised by characters already given 
(pp. 28, 29, 30). 



i 
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TABLES OF MEMORANDA. 

I. 

Remember that solutions of 

Copper salts are generally green or blue. 



Ferrous „ 


» 


pale green, becom- 
ing rusty. 


Ferric „ 


» 


yellow or brown. 


Chromic „ 


» 


green or violet 


Cobalt „ 


99 


pale red. 


Nickel „ 


» 


green. 


Manganese „ 


J> 


very pale red. 



Also that all the chromates are red or yellow. 

Salts of other common metals are generally coloiu*- 
less. 

All common nitrates, acetates, sulphates, chlorides, 
bromides, iodides (with the exceptions already given 
under these heads respectively), are soluble in water. 
Carbonates and phosphates, except those of the alkali- 
metals, are insoluble in water, but are soluble in dilute 
acids. 

Oxides and hydroxides are generally insoluble in 
water, except KHO, NaHO, Ba(H0)2, Ca(HO)2, 
which are strongly alkalme, and AS2O3 and AsgOs^ 
which yield acid solutions. 



Tables of Memoranda. 



ACTION OF HEAT UPON OXIDES AND HYDROXIDES. 



While 


BaO,S[0,CaO, 
MgO, A1,0, 

ZnO. Sb,0„ 
Bi,0, 

As,0, 

PbO fusible 

F^oV CdO 
Fe,0, 


Vdlowish 

Brown 
Dark brown 




ae,o 




PbO, 


Black 


CuO 
MnO, 




Hb,0 


Red 


HfiO 




Pb,0. 


Green 


Cr,0„ NiO 



jn a smaZI bjoA glua tub 

-No change 
• Yellow whilst hot 
Sablimes in crTStals 
\ Daiker whilst hoi 

/Evolves oxygen, leaves 

/Evolves oxygen, leaves 
\ PbO 

No change 

Evolves oxygen at red heat 

{Evolves oxygen, mercurj' 
sublimes ; no residue 
Same as Hg,0 
' Evolves oxygen, leaves 
PbO 



(deliquesceii 

Ba{HO), 

Ca(HO, 

Cd(HO), 

H,SnQ, 

Fih(HO), 

Ct,{HO). 



Fusible 

Water vapour evolved. 
Leaves brown CdO 
Leaves yellowish SnO, 
Water vapour, leaves Fe,0, 
Water vapour, leaves Cr,0, 
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III. 

ACTION OF HEAT UPON SALTS, ETC. 

I 

Salts which when heated in a dry test-tube volatilise^ 

generally giving Sublimates, 

« 

HgCl2. — Colourless, heavy, crystalline lumps. 

HgNHaCl. — ^White powder or lumps, unchanged 
by ammonia. 

Hg2Cl2. — ^White powder or crystals, blackened by 
ammonia. 

HgS. — Bright red powder or dark red crystalline 
masses. 

Hg2l2' — I^uU yellow powder or crystals. 

Hgl2. — Crimson powder or crystals; become 
yellow when heated. 

/vrn \ ) ^^^^^^ nitrous vapoiurs and oxygen, 

tx^/xriy ; f and leave red HgO, which yields 

Hg(NO-^)0 sublimate of Hg. 

HgS04. — White crystalline powder, becomes 
yellow in water. 

AS2S2. — Red masses with smooth fracture, or 
powder. 

AS2S3. — Yellow masses with smooth fracture, or 
powder. 

H2C2O4.2OH2. — Melts, then[very acid fumes and 
crystalline sublimate. 

All ammonium salts are driven off in vapour by 
heat, and many yield sublimates. 
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N.B. Ammonium phosphate leaves HPO3. 
yy borate ,, B2O8. 

„ chromate „ Cr20g. 

Gases and Vapours which may he Evolved on 

Heating Salts. 

O2. — From chlorates and nitrates. 

CO (and CO2). — From oxalates. 

CO2. — From all carbonates except K2CO8, 
Na2C03, (BaCOa, SrCOa, CaCOa require a strong 
heat). 

SO2. — From sulphides by oxidation. 

NH3. — From many ammonium salts. 

N2O. — From ammonium nitrate. 

N2O3 and N2O4. — From nitrates of heavy metals. 

C2N2. — From cyanides of silver and mercury. 

CaHfiO (acetone). — From acetates. 

Brown tarry matters, smelling of burnt sugar from 
tartrates. 



IV. 



BEHAVIOUR OF THE COMMONLY OCCURRING METALS 

TOWARDS ACIDS. 

I. Hydrochloric add does not attack Au, Ag, Pt, 
Hg, nor Cu, Bi, Sb, except in contact with air, and 
then very slowly. 

Hydrochloric acid dissolves, with evolution of 
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hydrogen gas, Mg, Zn, Fe, Al, rapidly; Cd, Ni, Co, 
Sn, Pb, slowly, unless aided by heat. 

2. Nitric add does not act upon Au or Pt 

It dissolves Mg, Zn, Fe, Al, Cd, Ni, Co, Ag, Pb, 
Bi, Cu, Hg. Red fumes of higher oxides of nitrogen 
are evolved, and the solution contains a nitrate of the 
metal. Sn and Sb are converted by action of nitric 
acid into white insoluble oxides (H2Sn03 and HSbOa 
=Sn02.0H2 and SbaOg-OHg). 

3. Strdng sulphuric add has no action on Au or 
Pt j aided by heat, it converts all other metals into 
sulphates with evolution of SO2. 

4. Aqua regia dissolves all metals, converting them 
into chlorides. 



APPENDIX. 



To Recover Silver from Residues. 

Add a slight excess of hydrochloric acid and allow the 
precipitated chloride of silver to subside. Pour away the 
supernatant liquid and wash the precipitate several times 
with water. Drain the chloride well, place it in an 
evaporating dish, stir it up with a small quantity of dilute 
sulphuric acid, leaving it in Jhe form of a paste. Then 
lay upon the mass a clean sheet of zinc, and leave it un- 
disturbed for twenty-four hours. At the end of this time 
remove the zinc, collect the spongy mass of silver upon 
a filter, and wash it well with hot water. It may then 
be dissolved in nitric acid and converted into nitrate, or 
it may be dried and melted into a button. Any chloride 
remaining unreduced, together with the scrapings of the 
zinc plate, should be returned to the bottle reserved for 
residues. 

To Recover Platinum from Residues. 

Evaporate the whole, liquid and solid together, to 
dryness. Place the dry residue in a crucible, and heat it 
to redness so that the platinum may be reduced to the 
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metallic state, and all organic matter distroyed. Boil the 
black mass in hydrochloric acid, then in water, then in 
nitric acid, and finally in water again. Wash the residue 
well in water and throw away all these liquids. Heat the 
solid which remains with a small quantity of aqua regia 
till all the platinum is dissolved. Wash any carbon- 
aceous matter that remains, add the washings to the 
solution and evaporate the liquid to dryness on a water- 
bath. Pure platinum perchloride, PtCl^, remains. 
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Arnold's (Dr. Thomas) Misoellaneoas Works. 8to. 7s. M. 

— (T.) Hannal of English Literatare. Crown 8yo. 7s. 9d. 

— English Authors, Poetry and Prose Specimens. 
Bain's Emotions and tbe WilL 8to. ISs. 

— Mental and ICoral Science. Grown 8to. 10s. M. 

— Senses and tbe Intellect. 8yo. 10s. 

Bladdsy's German and English Dictionary. Post 8to. 7s. 6d. 

Bndde's MisoeUaneons and Poethmnoos Works. 8 vols. 8to. 63s. (UL 

BnUingec's Lezioon and Oonoordanoe to the New Testament. Medinm 8to. lOs. 

Conlngton's MiscdlaneoDS Writings. 2 vols. 8yo. 28s. 

Contansean's Practical Frendi & English Dictionary. Post 8to. 7s. Bd. 

— Pocket French and English Dictionazy. Sqoaze 18mo. 8s. 8dL 

Edwards's Specimens of English Prose. 16mo. 2s. 64. 
Fanaz's Language and Languages. Crown 8yo. 6s. 
FrondeTs Short Studies on Great Sul>jectB. 8 vols, crown 8Ta 18s. 
German Home Life, reprinted from Fnua'i Mcmatine. Crown 8to. 6s. 
HumeTs Essays, edited l^ Green L Grose. 2 rols. 8yo. 28s. 

— T^natise of Human Nature, edited by Green & Grose. S Tota. 8to. 88s. 
Latham's Handbook of the English Language. Crown 8yo. 6s. 

— English Dictionary. 1 voL medinm 8to.24«. 4 vols. 4to. £7. 
Liddell & Scott's Gxedc-English Lexicon. Crown 4to. 86s. 

— — — Abridged Greek-English Lezioon. Square 18mo. 7s. 94. 
Longman's Pocket Gennan and English Dictionary. 18mo. 0s. 
Maoaolay's MisoeUaneons Writings. 2 yds. 8to. 21s. 1 roL crown 8vo. 4s. 6dL 

— Writings and Speeches. Grown Sro. 6s. 

MtfUer's (Max) Lectures on the Sdenoe of Language. 2 vols, crown 8va 18s. 
NoiiA on Max Mailer's Philosophy of Language. Svo. 6s. 
SJab'M IHotiUauuy ot Boman and Gieek AntiquitieB. Grown 8vo. 7s. 6d, 
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Bogers's Eclipse of Faith, Fcp. 870. 5s. 

— Dde&oe of the Edipse of Faiih Fop. 870. 3s. 6d, 

Bogefc's TheBanms of English Words and Phrases. Crown 8to. 10«. 6<2. 

Selections from the Writings of Lord Macaulay. Crown 8yo. 6s. 

The Essays and Contribations of A. K. H. B. Crown 870. 

Antomn Holidays of a Country Parson. Zs. Bd. 

Changed Aspects of Unchanged Truths. Zs. 6d. 

Common-place Philosopher in Town and Country. Zs. Sd. 

Counsel and Comfort spoken from a City Pulpit. Zs. dd. 

Critical Essays of a Country Pai'son. Zs. Od. 

GraTer Thoughts of a Country Parson. Three Series, Zs. dd. each. 

Landscapes, Churches, and Moralities. Zs. 6d, 

Leisuze Hours in Town. Zs. 6d. 

Lessons of Middle Age. Zs. 6d. 

Present-day Thoughts. Zs. Bd. 

Becreations of a Country Parson. Three Series, Zs. 6d. each. 

Seaside Musings on Sundays and Week-Days. 8x. 6d. 

Sunday Afternoons in the Parish Chmch ctf a 'Crni7ersity City. Zs. 6d, 

White & Biddle's Large Latin-English Dictionary. 4to. 2ls. 

White's College Latin-English Dictionary. Medium 8yo. I2s. 

— Junior Student's Lat.-Eng. and ]^ig.-Lat. Dictionary. Square 12mo. 12s. 

a,,^_„ . ,_ f The English-Latin Dicticmary, 6*. 6d. 
HepBTateiy | ^^ Latin-English Dictionary, 7s. 6d. 

White's Middle-Class Latin-English Dictionary. Fcp. 870. Zs. 
Wit and Wisdom of the Be7. Sydney Smith 16mo. Zs. 6d. 
Yonge's Ahridged English-Greek Lexicon. Square 12mo. Ss. 6d, 

— Large English-Greek Lexicon. 4to. 21s. 

ASTRONOMY, METEOROLOGY, POPULAR GEOGRAPHY Sec. 

DoT^s Law of Storms, translated by Scott. 870. 10«. $d. 

Herschel's Outlines of Astronomy. Square crown 870. 12s. 

Keith Johnston's Dictionary of Geography, or General Gazetteer. 870. 42«. 

Nelson's Work on the Moon.* Medium 870. Zls. 6d. 

Proctor's Essays on Astronomy. 870. 12s. 

— Larger Star Atlas. Fdio, 16s. or Maps only, 12s. 6d. 

— Moon. Crown 870. 10«. 6d, 

— New Star Atlas. Crown 870. S«. 

— Orbs Around lis. Crown 870. 7s. 6d. 

— Other Worlds than Ours. Crown 870. 10«. 6d. 

— Saturn and its System. 870. 14«. 

— Sun. Crown 870. lis. 

— Tranidts of Venus, Past and Coming. Crown 870. 8s. 6d. 

— Treatise on the C^doid and Cydoidal Curres. Crown 870. Ids. 6d. 

— UniTerse of Stars. 870. 10«. Zd. 
Schellen's Spectrum Analysis. 870. 28s. 
Smith's Air and Bain. 870. 2is, 
The PnbUo Sdiools Atlas of Ancient (Geography. Imperial 870. 7s. 6d. 

— — — Atlas of Modem Geography. Imperial 870. 6s, 
WtWa Celestial Objects for Common Tdescopes. New Edition in preparation. 

NATURAL HISTORY & POPULAR SCIENCE. 

AmottTs Elements of Physics or Natural Philosophy. Crown 870. 12s. 6(2. 



/.. 



BrandeTs Dictionary of Science, Literature, and Art. 8 7ols. medium. %<t<^.<SA. 
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Bockton's Town and Window Gardening. Crown 8yo. 2t, 

Cox's Mechanism of Man. 2 vols, crown Syo. 23«. 

Decaisne and Le Maoat's General System of Botany. Imperial 8to. 81j. 94. 

Dixon's Bnral Bird Life. Crown 8vo. iUastrationB. 

Oanot's Elementary Treatise on Physics, hy Atkinson. Large crown Sra 15s. 

— Natural Philosophy, l^ Atkinson. Crown 8to. 7*. <d. 
Gore's Art of Sdentiflo Discovery. Crown Syo. 16*. 
Grove's Correlation of Physical Forces. Svo. ISs, 
Hartwlg's Aerial World. 8vo. 10«. Gd, 

— Polar World. 8vo. 10*. 6d. 

— Sea and its Living Wonders. 8vo. lOs. 6d. 

— Sabterranean World. 8vo. lOi. Bd, 

— Tropical World. Svo. 10*. 6d. 
Hanghton's Principles of Animal Mechanics. Svo. 21«. 
Beer's Prinueval World of Switzerland. 2 vols. 8vo. 16*. 
Hehnholtz's Ledxires on Scientific Subjects. 8vo. 12*. M. 
Hdmholtz on the Sensations of Tone, by EHis. Svo. 86*. 
Hollah's Lectores on the History of Modem Mnsic. Svo. 8*. M, 

— Transition Period of Musical History. Svo. 10*. 6^ 
Keller's Lake Dwellings of Switzerland, by Lee. 2 vols, royal Svo. 4Ss. 
Eirby and Spenoe^s Litrodnction to Entomology. Crown Svo. 6*. 
Lloyd's Treatise on Magnetism. Svo. 10*. 6d. 

— — on the Wave-Theory of Light. Svo. 10*. 6<2. 
London's Enc^dopsBdia of Plants. Svo. 42*. 

Lubbock on the Origin of Civilisation & Primitive Condition of Man. Svo. 18*. 
MaoaUster's Zoology and Morphology of Vertebrate Animals. Svo. 10*. M, 
Nicols' Puzzle of Life. Crown Svo. 8*. Sd. 
Owen's Comparative Anatomy and Physiology of the Yertetirate Animals. 8 volg. 

Svo. 78*. 6d. 
Proctor's Light Science for Leisure Hours. 2 vds. crown Svo. 7*. Sd. each. 
Bivers's Orchard House. Sixteenth Edition. Crown Svo. 5* 

-~ Boee Amateur's Guide. Fcp. Svo. 4*. 6d, 
Stanley's Ftoiiliar History of Biida, Fcp. Svo. 8*. Bd. 
Text-Books of Science, Mechanical and Physical. 

Abn^s Phot<^nt^phy, 8*. 6d, 

Anderson's (Sir John) Strength of Materials, 8*. 6d. 

Armstrong's Organic Chemistry, 8*. 6d, 

Barry's Bailway Appliances, 8*. 6d. 

Bloxam's Metals, 8*. 6d. 

Goodeve's Elements of Mechanism, 8*. 6d. 

— Principles of Mechanics, 8*. 6d, 
Gore's Electro-Metallurgy, 6*. 
GrifBn's Algebra and Trigonometry, 8*. Bd, 
Jenkin's Electricity and Magnetism, 3*. Bd. 
MaxweU's Theory of Heat, 8*. 6d. 

Merrifleld's Technical Arithmetic and Mensuration, 8*. Bd, 
Miller's Inorganic Chemistry, 8*. 6d. 
Preeoe k Si^right's Telegraphy, 8*. Bd. 
Butley's Study of Bocks, 4*. Bd, 
SheU«qr's Workshop Appliances, 3*. Bd. 
Thomd's Structural and Physiological Botany, 6*. 
Tborpe^B Quantitative Chemical Analysis, 4*. Bd. 
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Text-Books of Sdenoe— con/ini«ei. 

Thorpe & Muir's Qnalitatlye Analysis, 3s. 6d, 
TQden's Chemical Philosophy, 8«. 6d. 
Unwin's Madiine Design, 3*. 6d. 
Watson's Plane and Solid Geometry, 3s. 6<2. 

Tyndan on Sonnd. Crown 8yo. lOi. M. 

— Contribntions to Molecalar Physics. 8to. 16*. 

— Fragments of Sdence. 8 vols, post 870. 16«. 

— Heat a Mode of Motion. Crown Syo. 

— Lectores on Electrical Phenomena. Crown 8to. Is. sewed. Is. fid. doth. 

— Lectores on light. Crown 8to. Is. sewed, Is. 6d. doth. 

— Lectures on Light ddivered in America. Crown 870. 7s. M. 

— Lessons in Electridty. Crown Svo. 2s. 6d. 
Yon Cotta on Books, by Lawrenoe. Post 8yo. 14«. 
Woodward's Qedogy of England and Wales. Grown Svo. lit. 
Wood's Bible Animals. With 112 Vignettes. 8vo. 14i. 

— Homes Without Hands. 8yo. lis. 

— Insects Abroad. Svo. lis. 

— Insects at Home. With 700 Illnstrations. 8to. lis. 

— Out of Doors, or Artides on Natural History. Grown 8yo. 7s. 6d. 

— Strange DweiDings. With 60 Woodcuts. Grown 8yo. 7s. M. 

CHEMISTRY & PHYSIOLOGY. 

Auerbach's Anthraoen, translated by W. Crookes, F.B.S. Svo. Us. 

Buckton's Health in the House ; Lectures on Elementary Physiology. Cr. 8to. is. 

Crookes*s Handbook of Dyeing and Oalioo Printing. 870. 43s. 

— Sdect Methods in Ohemioal Analysis. Crown 870. ISs. M. 
Eingzett's Animal Ohemistry. 870. 18«. 

— History, Products and Processes of the Alkali Trade. 870. lis. 

Miller's Elements of Chemistry, Theoretical and Practical. 8 Tds. 870. Part I. 
Chemical Physics. 1 6s. Part IL Inorganic Chemistry, Sis, Part m. Organic 
Chemistry, New Edition in the press. 

Thudichum's Annals of Chemical Medicine. Vol. I. 870. 

Watts's Dictionary of Chemistry. 7 761s. medium 870. £10. 16s. 6d. 

— Third Supplementary Vdnme, in Two Parts. Pabt I. Z6s, 

THE FINE ARTS Sc ILLUSTRATED EDITIONS. 

Bewick's Sdect Fables of iBsop and others. Crown 870. 7s, 6d, demy 870. 18«. 
Doyle's Fairyland ; Pictures from the Elf- World. Folio, 16s. 
Dresser's Arts and Art Industries of Japan.' {In prepwatton. 

Ingelow's Poems. Hlustzated Edition. Fcp. 4to. Woodcuts, 21s. 
Jameson's Sacred and Legendary Art. 6 Tola, square crown 870. 

Legends of the Madonna. 1 7d. 21«. 

— — — Monastic Orders. 1 70L 21s. 

— — — Saints and Martyrs. 2 7ds. Sis. 6d. 

— — — Sa7ionr. Oompleted by Lady Eastlake. 3 7ds. 49«. 

Longman's Three Cathedrals Dedicated to St. Paul. Square crown 870. 21s. 
Macaulay's Lays of Andent Rome. With 90 Illustrations. Fop. 4to. 21s. 
Macfarren's Lectures on Harmony. 870. ISs. 

Miniature Edition of Macaulay's Lays of Andent Rome. Imp. 16 mo. 10». 6d. 
MooreTs Irish Melodies. With 181 Plates by D.Madise,ILA. Saper>royal870.21«. 

— LaUaBookh. Tennid's Edition. With 68 Illustrations. 'Ecp.ito.lQs.6d. . 
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Northcote and Brownlow*s Boma Sottemnea. 8 vols. 8yo. 5Ss. 

Perry on Greek and Boman Sculpture. Syo. [/n preparation. 

Hedgrave^B DicUonaiy of Artiste of the English SchooL Syo. 16«. 

THE USEFUL ARTS, MANUFACTURES 5tc. 

Bournes Oateohism of the Steam Engine. Fcp. Syo. 6s. 

— Examples of Steam, Air, and Gas Engines. 4to. 70s. 

— Handbook of the Steam Engine. Fcp. Syo. 9s. 

— Beoent Improyements in the Steam Engine. Fop. 8yo. 9s, 

— Treatise on the Steam Engine. 4to. 42«. 
Ovesy's Enpydopesdia of OlYil Engineering. 8yo. 43«. 
Onll^s Handbook of Practical Telegraphy. 8yo. 16s. 

Eastlake's Hoosehold Taste in Fmrnitore, &c. Square crown 8yo. lis. 
Falrbaim's Useful Information for Engineers. 8 yoIs. crown Syo. 81«. 6d, 

— Applications of Cast and Wrought Iron. 8yo. 16s, 

— HillB and Millwork. 1 yoL 8yo. 25s, 
Owilt'8 EnoydopiBdia of Ardiitectnre. 8yo. 52s. 6d. 

Hobson's Amatenr Mechanics Practical Handbook. Grown 8yo. 2s, 6d. 
Hoskold's Engineer's Yalning Assistant. 8yo. 81«. 64. 
Eerl's Metallurgy, adapted hy Orookes and BShrig. 8 yoIs. 8yo. £4. 19f. 
London's EnpydopeBdia of Agricoltnre. 8yo. 21s. 

— — — Gardening. 8yo. 21s. 
Mitchell's Manual of Practical Assaying. 8yo. 31s. 6d. 
Northcott^s Lathes and Turning. 8yo. 18«. 

Payen's Industrial Ohemistry, translated from Stohmann and Bngler's German 

Edition, by Dr. J. D. Barry. Edited by B. H. Paul, Ph.D. 8yo.42i. 
Piesse's Art of Perfumery. Fourth Edition. 8yo. 
Stoney's Theory of Strains in Girders. Boy. 8yo. Z6s. 
Thomas on Goi^ Mine-Gases and Ventilation. Crown 8yo. 10«. 6d, 
XJt^b Dictionary of Arts, Manufactures, & Mines. 4 yoIs. medium Syo. £7, 7s. 
Ville on Artificial Manures. By Crookes. Syo. 21s. 

RELIGIOUS & MORAL WORKS. 

Abbey & OYerton's English Church in the Eighteenth Century. 2 Yols. Syo. 9^ 

Amdd's (BeY. Dr. Thomas) Sermons. 6 yoIs. crown Syo. 5s. each. 

Bishop Jeremy Taylor's Entire Works. With Life hy Bishop Heber. Edited hy 
the BeY. C. P. Eden. 10 yoIs. 8yo. £5. 5s. 

Boultbee's Commentary on the 89 Artides. Crown 8yo. 6s. 

— History of the Church of England, Pre-Beformation Period* 8yo. !£«& 
Brown^s (Bishop) Exposition of the 89 Artides. 8yo. 16«. 

Odenso's Lectures on the Pentateudi and the Moabite Stone. Syo. Us, 
Cdenso on the Pentateuch and Book of Joshua. Crown Syo. 6s, 

— — Pabt Vn. completion of the larger Work. Syo. iis, 
Condeifs Handbook of the Bible. Post Syo. 7s, 6d, 
Conybeare & Howson'sLife and Letters of St. Paul :— 

Library Edition, with all the Original Illustrati<m8, Maps, Landscapes on 
Sted, Woodcuts, &c. 3 Yds. 4to. 42s. 

Intermediate Edition, with a Sdection of Maps, Plates, and Woodoats. 
2 Yds. square crown Syo. 21«. 

Btadeant*B Edition, revised and condensed, with 46 Illustrations and Mapo. 
1 roL crown 8ro, Bs, 
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Drew's Holaean Lectures on the Hmnan life of Christ. 870. Ss, 

Dmmmond's Jewish Messiah. 870. 16s. 

Ellioott's (Bishop) Commentary on St. Paul's Epistles. 870. Galatians, Bt, M. 

Ephesians, 8«. M. Pastoral Epistles, lOi, 6d, PhllippianB, OoloBslaJiB, and 

Philemon, lOi, 6d, Thessalonlans, 7s. 6d, 
EUioott's Lectores on the Life of onr Lord. 870. 12s, 
Ewald's History of Israel, translated by Carpenter. 5 7oIfl. 870. 68*. 

— Antiquities of Israel, translated by Solly. 870. Us, M, 
Hopkins's Christ the Consoler. Fop. 870. 2s, 6d, 
Jnkes's Types of Genesis. Grown 870; 7s, 6d. 

— Second Death and the Bestitntion of all Things. Grown 870. Zs, Bd, 

Ealisch's BiUe Studies. Pabt I. the Prophecies of Balaam. 870. IQs, 64. 

— ~ — Pabt n. the Book of Jonah. 870. 10*. fid. 

— Historical and Critical Commentary on the Old Testament; with a 
New Translation. Vol. I. Omesis, 870. 18«. or adapted for the General 
Header, 12s. Vol. n. Exodus^ 15s. or adapted for the General Beader, 12s, 
Vol. m. Leviticus, Part I. 15s. or adapted for the General Beader, 89r. 
Vol. lY. LeviticuSf Part n. 15s. or adapted for the (General Beader, Bs, 

Keith's Evidence of the Trath of the Christian Beligion derlTed from the Fnlfil- 
ment of Prophecy. Square 870. 12s. Bd, Poet 870. Bs, 

Euenen on the Prophets and Prophecy in IsraeL 870. 21*. 

Lyra Germanica : Hymns translated by Miss Winkworth. Fcp. 870. S*. 

Manning's Temporal Mission of the Holy Ghost. 870. 8*. Bd, 

Martineau's EndeaTOurs after the Christian Life. Crown 870. 7s, Bd, 

— Hjmns of Praise and Prayer. Crown 870. 4*. 6(2. 82mo.l*.6dL 

— Simons ; Hours of Thought on Sacred Things. Crown 870. 7*. Bd, 

Meri7ale's (Dean) Lectures on Early Church History. Grown 870. 5s, 

Mill's Three Essays on Beligion. 870. 10*. Bd, 

Monsell's Spiritual Songs for Simdays and Holidays. Pep. 870. 5s, 18mo. 2s, 

MUller's (Max) Lectures on the Science of Beligion. Grown 870. 10*. Bd, 

Newman's Apologia pro Vita Sua. Crown 870. 6*. 

O'Conor's New Testament Commentaries. Grown 870. Epistle .to the Bomans, 
8*. Bd. Epistle to the Hebrews, 4*. Bd. St. John's Gospel, 10*. Bd, 

One Hundred Holy Songs, &c. Square fcp. 870. 2s, Bd, 

Passing Thoughts on Beligion. By Miss Sewell. Fcp. 870. 8*. Bd, 

Sewell's (Miss) Preparation for the Holy Communion. 82mo. 8*. 

Supernatural Beligion. Ck>mplete Edition. 8 7o]s. 870. 86*. 

Thoughts for the Age. By Miss Sewell. Fcp. 870. 8*. Bd. 

Yaughan's Trident, Crescent, and Cross ; the Beligious History of India. 870.9*.6<f . 

Whately's Lessons on the Christian Evidenoes. 18mo. Bd, 

White's Four Gospels in Greek, with Greek-English Lexicon. 83mo. 5s, 

TRAVELS, VOYAGES Sec, 

Baker's Bifle and the Hound in Ceylon. Crown 870. 7*. Bd, 

— Eight Years in Ceylon. CSrown 870. 7*. Bd, 

Ball's Alpine Guide. 8 7ol8.po8t 870. with Maps and DlustrationB :— L Western 
Alps, 6*. Bd. n. Central Alps, 7*. 6d. IIL Eastern Alps, 10*. Bd, 

Ball on Alpine Tra7elling, and on the (Ecology of the Alps, 1*. 

Bent's Freak of Freedom, or the BepubUo of San Marino. Crown 870. 7*. Bd, 

Brassey's Sunshine and Storm in the East. 870. 

— Voyage in the Yacht 'Sunbeam.' Grown 870. 7*. 64. 
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Bdwaids's (A. B.) ThotuMud MUm up the Nile. Imperial Sto. 42t» 

HaMall's Ban Eemo and tbe Wettem Biyiera. Crown Sro. 10s. 6d, 

Indian Alpe (The). By a Lady Pioneer. Imperial 8yo.42«. 

Lefroy's Discovery and Early Settlement of the Bermuda Idaada. 3 toU. 
royal 870. 60s. 

Miller and Skertchley's Fenland Fast and Present. Boyal Sro. ZU, 6d, Laige 
Paper, bOs, 

Miller's Wintering in the Biyiera. Post 8vo. Ulastrationfly I2s. 9d, 

Noble's Cape and South Africa. Fcp. 870. Bs. 6<f . 

Packe's Quide to the Pyrenees, for Mountaineers. Crown 3vo. 7s, M, 

The Alpine Club Map of Switaserland. In Four Sbeeta. 42s, 

Wood's Discoveries at Bphesus. Imperial 8vo. 68«. 

WORKS OF FICTION. 

Becker's Charides ; Private Life among the Ancient Greeks. Post 8to. 7s, M, 
— Gallus ; Boman Scenes of the Time of Augustus. Post 8to. 7s, Sd, 

Cabinet Edition of Stories and Tales Xny Miss Sewell :— 



Amy Herbert, 2s, 6d, 
Cleve Hall, 2s, Sd, 
The Earl's Daughter, 2t,6d, 
Experience of Life, 2s, 64. 
Gertrude, 2s, 6d, 

Novels and Tales by the Bight Hon. the Earl of Beaconsfleld, E.G. 
Edition, complete in Ten Voltmies, crown 8vo. price £8. 



Ivors, 2s. M, 

Katharine Ashton, 2s, 6d, 
Laneton Parsonage, Zs, 6d, 
Margaret Perdval, Ss, 6d, 
Ursula, Zs, Bd, 



CaUnet 



Lothair, 6s, 
Ooningsby, 6s, 
Sybil, 6s, 
l^crod, 6s, 
Venetia, 6s. 

Klein's Pastor's Narrative. 



Henrietta Temple, Zs, 
Contarini Fleming. Zs, 
Alroy, Ldon, &c. Zs, 
The Young Duke, kcZs, 
Vivian Grey, 6s. 

Translated by Marshall. Crown 8vo. "Map, 



The Modem Novelist's Library. Each Work in crown 8vo. A Single Yobune, 
complete iu itself, price 2s, boards, or 2s. 6d, doth : — 



By the Earl of Beaoonsfleld, K.G. 
Lothahr. 
Coniugsby. 
SybU. 
Tancred. 
Venetia. 

}£enrietta Temple. 
Contarini Fleming. 
Alroy, Ixion, &C. 
The Young Duke, &o. 
Vivian Grey. 
By Authony TroUope. 
Barohester Towers. 
The Warden. 
By the Author of * the Rose Garden.' 
Unawares. 

Lord Beaconsfleld's Novels and Tales. 



By Major Whyte-MeivUle. 

Digby Grand. 

General Bounce. 

Kate Coventry. 

The Gladiators. 

Good for Nothing. 

Holmby House. 

The Interpreter. 

The Queen's Maries. 
By the Author of ' the Atelier da lys.' 

Mademoiselle Mori. 

The Atelier dn Lys. 
By Varioas Writers. 

Atherstone Priory. 

The Burgomaster's FttniJy. 

Elsa and her Vulture. 

The Six Sisters of the YaUeys. 

10 vols, cloth extra, gilt edges, ZOs, 






Whispers from Fairy Land. By the Bight Hon. E. H. Knatdibnll-Hogeiaen 
M.P. With Nine Illustrations. Crown 8vo. Zs, 6d, 

illggledy-Piggledy ; or. Stories for Everybody and Evnybody's ChDdrtn. Qy 
the Right Hon. E. H. Knatchbull-Hugessen, M.P. With Kin« lUiiftEaitlani 
i^ttOB DeetgDB Jby B. Doyle. Crown 8vo. 81. Zd, 

London, L0NGMA2SB & CO. 



General Lists of Vew Works. 11 



POETRY 8c THE DRAMA. 

Baile/s Festus, a Poem. Crown 8to. 12t, 6d. 

Bowdler'a Fandly Bhakspeare. Medium Svo. lis, 6 toIs. fcp. Svo. 21«. 

Cayley's Qlad of Homer, Homometrically translated. Svo. 12«. Bd, 

Conington's .Sneid of Yirgil, translated into BnglJah Verse. Grown 8yo. 9#. 

Cooper's Tales from Enripides. Fcp. Svo. Zt, 6d. 

Edwards's Poetry-Book of Elder Poets. 16mo. 2s. 6(2. 

— Poetry-Book of Modem Poets. 16mo. 2s, 6d, 
Ingdow's Poems. New Edition. 2 toIs. fcp. 870. 12s, 
Macanlay's Lays of Ancient Bome, with Ivry and the Armada. 16mo. Zs, Bd. 
Ormsby's Poem of the Cid. Translated. Post 8yo. 6s. 

Petrarch's Sonnets and Stanzas,translated by 0. B. Cayley, B.A. Grown BYO,10s.6d. 
Sonthey's Poetical Works. Medium 8to. lis. 
Yonge's Horatii Opera, Library Edition. 8yo. 21s. 

RURAL SPORTS, HORSE 8c CATTLE MANAGEMENT &c. 

Blaine's Encydopsedia of Bural Bports. 8to. 21s, 

Dobson on the Ox, his Diseases and their Treatment. Crown 870. 7s. Bd. 

Francis's Book on Angling, or Treatise on Fishing. Post 8to. 16s, 

Malet's Annals of the Boad, and Nimrod's Essays on the Boad. Medimn 8yo. 21s, 

Miles's Horse's Foot, and How to Keep it Sound. Imperial 8to. 12s, Bd, 

— Plain Treatise on Horse-Shoeing. Post 870. 2s, Bd, 

— Stables and Stable-Fittings. Imperial 870. 16s, 

— Bemarks on Horses' Teeth. Post 870. 1«. 6(2. 
Nevile's Horses and Biding. Grown 870. Bs, 
Beynardson's Down the Boad. Medium 870. 21s, 
Bonalds's Fly-Fisher's EntoQiology. 870. lis, 
Stonehenge's Dog in Health and Disease. Squaze crown 870. 7s. Bd, 

— Greyhound. Square crown 870. 16s. 
Youatt's Work on the Dog. 870. 6«. 

— — — — Horse. 870. 12*. Bd, 
Wilcocks's €ea-Fisherman. Post 870. 12*. Bd, 

WORKS OF UTILITY 8c GENERAL INFORMATION. 

Acton's Modem Cookery for PiiTate Families. Fcp. 870. 6s. 
Black's Practical Treatise on Brewing. 870. 10*. Bd, 
Bnckton's Food and Home Cookery. Grown 870. 2*. 
Bull on the Maternal Management of Children. Fcp. 870. 2s, Bd, 

Bull's Hints to Mothers on the Management of thefar Health during the Period of 

Pregnancy and in the Lying-in Boom. Fcp. 870. 2*. Bd. 
Campbell- Walker's Correct Card, or How to Play at Whist. Fcp. 870. 2s. Bd, 
Crump's English Manual of Banking. 870. Iff*. 
Cunningham's Conditions of Sodal Well-Being. 870. 10*. Bd, 
Handbook of Gold and Sil7er, by an Indian Official. 870. 12*. Bd, 
Johnson's (W. & J. H.) Patentee's Manual. Fourth Edition. 870. 10s, Bd, 
Longman's Chess Openings. Fcp. 870. 3*. Bd, 
Madeod's Economics for Beginners. Small crown 870. 2*. Bd, 
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Macleod's Theory and Fractioe of Bankiiig. 2 Tola. 8yo. 36«. 

— ElementB of Banking. Fonrih Edition. Grown 8yo.6«. 
M'CnUodli's Dictionary of Commerce and Oommerdal Navigati(ML 8to. 6S«. 
Mannder'8 Biographical Treasory. Fcp. 8to. 6«. 

— Historical Treasnry. Fcp. 8yo. St. 

— Scientific and Literaxy Treasury. Fcp. 8to. 8«. 

— Treasory of Bible Knowledge. Edited by the Bey.' J. Ayre, M.A. Fcp. 
8vo. 6#. 

— Treasory of Botany. Edited by J. Lindley, FJR.S. and T. Moore, F.L.S. 
Two Parts, fcp. 8to. 12*. 

— Treasory of Geography. Fcp. 8yo. 8«. 

— Treasory of Knowledge and Library of Beferenoe. Fcp. 8yo. 6s, 

— Treasory of Katoral History. Fcp. Svo. Bs. 

Pereira's Materia Medica, by Bentl^ and Bedwood. 8yo. 25«. 

Pewtner's Comprehensiye Spedfler ; Building-Artificers* Work. Oonditlonfl and 
Agreements. Grown 8yo. 6«. 

Pierce's Three Hundred Ghess Problems and Studies. Fcp. 8yo. 7s. 6d, 

Pole's Theory of the Modem Scientific Gkune of Whist. Fcp. 8yo. 2s, Bd, 

Scott's Farm Valuer. Grown Syo. 6*. 

— Bents and Purchases. Crown 8yo. 6s. 
Smith's Handbook for Midwiyes. Grown 8yo. 6s, 

The Cabinet Lawyer, a Popular Digest of the Laws of England. Fcp, 8yo. 9s, 
West on the Diseases of Infancy and Childhood. 8yo. 18s, 
Willich's Popular Tables for ascertaining the Value of Property. Port 8yo. 10s, 
Wilson on Banking Bef orm. 8yo. 7s. 6d, 

— on the Besources of Modem Countries 2 yols. 8yo. Sis, 

MUSICAL WORKS BY JOHN HULLAH, LL.D. 

Ghromatio Scale, with the Inflected Syllables, on Large Sheet. Is. Bd, 

Card of Chromatic Scale. Id, 

Exercises for the Cultiyation of the Voice. For Soprano or Tenor, 3s, Bd, 

Grammar of Musical Harmony. Boyal 8yo. 2 Parts, each Is. Bd, 

Exercises to Grammar of Musical Harmony. 1*. 

Grammar of Counterpoint. Part I. super-royal 8yo. 2s. Bd. 

Hullah's Manual of Singing. Parts I. & n. 2s. Bd. ; or together, Bs. 

Exercises and Figures contained in Parts I. and n. of the TMr«tw iift1. Books 
I. & n. each Sd. 

Large Sheets, containing the Figures in Part I. of the ManuaL Nob, 1 to 8 In 

a Parcel. Bs. 
Large Sheets, containing the Exercises in Part I. of the Vfttin fti. Nos. 9 to 40, 

in Four Parcels of Eight Nos. each, per ParoeL Bs. 
Large Sheets, the Figures in Part n. Nos. 41 to 52 in a Parcel, 9s, 
Hymns for the Young, set to Music. Boyal 8yo. Bd, 
Infant School Songs. Bd. 
Notation, the Musical Alphabet. Grown 8yo. Bd. 
Old English Songs for Schools, Harmonised. Bd. 
Budiments of Musical Grammar. Boyal 8yo. Bs. 
School Songs for 2 and 8 Voices. 2 Books, 8yo. each Bd. 
Time and Tune in the Elementary School. Crown 8yo. 2s. Bd. 
Bxerdaee and Figares in the same. Grown 8yo. Is. or 2 Parts, Bd ea6h« 
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